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FOREWORD 


The  Annual  Tropical  Cyclone  R^X)rt  is  pr^jared 
by  the  staff  of  the  Joint  Typhoon  Uhrnlng  Caiter 
(JTVIC),  a  canbined  USAFAISN  organization  (derating 
under  the  casDand  of  the  Cconianding  Officer,  U.S. 
Naval  Oceanography  Ccnnand  Center/Joint  Typhoon 
Warning  Center,  Guam.  JTWC  was  established  in  April 
1959  vftien  USCINCPAC  directed  USCINCPAOFLT  to  provide 
a  single  tropical  cyclone  warning  center  for  the 
western  North  Pacific  region.  The  operations  of  JTVC 
are  guided  by  CINCPACINST  31*10.1  (series). 

Ihe  mission  of  the  Joint  Ty^ioon  Warning  Center 
is  multi-faceted  and  includes: 

1.  Continuous  monitoring  of  all  tropical 
weather  activity  in  the  northern  and  southern  hemi- 
^>heres,  from  180  degrees  longitude  westward  to 
the  east  coast  of  Africa,  and  the  proopt  issuance  of 
eqp(>ropriate  advisories  and  alerts  tdien  tropical 
cyclone  development  is  anticipated. 

2.  Issuing  warnings  on  all  significant 
tropical  cyclones  in  the  above  area  of  responsi¬ 
bility. 

3.  Determination  of  reconnaissance 
requirements  for  tropical  cyclone  survell lance  and 
assignment  of  appropriate  priorities. 

4.  Post-storm  analysis  of  all  significant 
tropical  cyclones  occurring  within  the  western  No>rth 
Pacific  and  North  Indian  Oceans,  vAiich  includes  an 
in-depth  analysis  of  trcpio:al  cyclones  of  note  and 
all  typhoons. 

5.  Coxperation  with  the  Naval  awiron- 
mental  Predictlo*i  Research  Facility,  Maiterey, 
California,  on  the  operational  evaluation  of  tropical 
oqrclone  models  and  forecast  aids,  and  the  development 
of  new  techniques  to  support  operational  forecast 
soanarlos. 

Satellite  Imagery  used  throni^iout  this  report 
rq;}re3ents  data  obtained  by  the  tropical  cyclone 
satellite  surveillance  network.  The  personnel  of 
Detachmoit  1,  IWW,  collocated  with  JT^  at  Nimitz 
Hill,  Guam,  oxKrdlnate  the  satellite  acquisitions  and 
tropical  cyclone  surveillance  with  the  following 
units: 

Det  4,  20WS,  Hlckam  AFB,  Hawaii 


Det  5,  20WS,  Clark  AB,  RP 

Det  6,  20WS,  Kadena  AB,  J^an 

Det  15,  30HS,  Osan  AB,  Korea 

Air  Force  Global  Weather  Central, 
Offutt  AFB,  N^aaaka 

In  addltic»t,  the  Naval  Oceanography  Connand  Detach¬ 
ment,  Diego  Garcia,  and  DMSP  equLpp^  U.S.  Navy  air¬ 
craft  carriers  have  been  instrumental  in  provldlig 
vital  satellite  position  fixes  of  tropical  cyclones 
in  the  Indian  Ocaan. 

Should  JTWC  become  Incapacitated,  the  Alternate 
Joint  Tyihoon  Warning  Center  (AJTOC)  located  at  the 
U.S.  Naval  Western  Oceanography  Center,  Pearl  Harbor, 
Hawaii,  assumes  warning  reqxnsiblllties.  Assistance 
in  determining  satellite  recamalssance  requirements, 
and  in  obtaining  the  resultant  data,  is  provided  by 
Det  4,  20WS  Hlckam  AFB,  Hawaii. 

Changes  to  this  year's  publication  include:  raw 
fix  data  files  usually  printed  In  Annex  A,  plus  the 
raw  warning,  forecast  and  best  track  data,  will  be 
available,  upon  recjuest  (the  requested  data  will  be 
ccpled  onto  5.25  inch  "floppy"  diskettes  provided  by 
the  requestor);  statistical  verification  for 
individual  warnings  for  the  North  Indian  Ocean  and 
all  warnings  in  the  southern  hemisphere  are  not 
provided;  and,  with  reference  to  best  track 
phllosc^y,  a  cc»scious  effort  has  been  made  to 
extend  the  post^warning  best  tracks  to  provide  better 
verification  for  the  48-  and  72-hour  forecasts  (this 
has  produced  a  larger  seople  and  sli^tly  higher 
errors  for  the  extended  forecasts). 

A  special  thanks  is  extended  to  the  men  and 
women  of:  27th  Information  Systems  Squadron, 
Operating  Location  C,  for  their  continuing  support  by 
providing  hl^  quality  real-time  satellite  imagery; 
the  Pacific  Fleet  Audio-Visual  Center,  Guam  for  their 
assistance  in  the  reproduction  of  satellite  and 
graphics  data  for  this  report;  to  the  Navy 
Publications  and  Printing  Service  Branch  Office, 
Guam;  the  Royal  Observatory  Hong  Kong  and  Central 
Weather  Bureau,  Taiwan  for  radar  scx^  photographs  of 
tropical  cyclones;  Hr.  Ron  Miller  of  NEPRF,  for  his 
able  assistance  in  data  reduction,  and  Captain  S.  K. 
Watters  (USAF)  for  the  cover  photograph. 


Note:  Appendix  IV  contains  information  on  how  to  obtain 

past  issues  of  the  Amual  Tropical  Cycl<»>e  Report 
(titled  Annual  IVphoon  Report  prior  to  1980). 
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CHAPTER  I  -  OPERATIONAL  PROCEDURES 


1.  GENERAL 


Itae  Joint  Typhoon  Weunlng  Cesnbesc  (JNC)  provides 
a  variety  of  routine  services  to  the  orsanizatlcHis 
within  Its  area  of  re^x>nslbllity,  including: 

a.  Significant  tropical  Weather  Advisories: 
issued  daily,  these  products  describe  all  tropical 
disturbances  and  assess  their  potential  for  further 
development  during  the  advisory  period; 

b.  Tropic^tl  Cyclone  Formation  Alerts:  issued 
«ben  synoptic.  satellite  and/or  aircraft 
reconnaissance  data  indicate  development  of  a 
significant  tropical  cyclone  in  a  specified  area  is 
likely: 

c.  ITcplcal  Cyclone  Warnings:  Issued 
periodically  throughout  eadi  day  for  significant 
tropical  cyclones,  giving  forecasts  of  position  and 
intensity  of  the  system;  and 

d.  Prognostic  Reasoning  Messages:  issued  twice 
daily  for  tropical  storms  and  typhoons  in  the  western 
North  Pacific;  these  messages  discuss  the  rationale 
b^ind  the  most  recent  JTWC  warnings. 

Ihe  recipients  of  the  services  of  Jnc 
essentially  determine  the  c(»tent  of  jnC's  products 
according  to  their  ever  (hanging  requirements. 
Iherefare,  the  spectrum  of  routine  services  is 
subject  to  duufige  from  year  to  year.  Such  (hanges 
are  usually  the  result  of  deliberations  held  at  the 
Annual  Tropical  Cyclone  Conference. 


2.  DATA  SOURCES 

a.  COMFtnXR  PRCXOCTS: 

A  standard  array  of  s]nnoptlc-s(»le  computer 
analyses  and  pragrx)stic  charts  are  available  from  the 
Fleet  Nimerical  Oceanography  Center  (FIFNUMXEANCEN) 
at  Monterey,  California.  These  products  are  provided 
to  JTWC  via  the  Naval  Environmental  Data  Networic 
(NEXN). 

b.  CONVENTIONAL  DATA: 

nils  data  set  is  cooprised  of  land-based  and 
shipboard  surface  and  uppei'^air  (hservatlons  taken 
at,  or  near,  synoptic  times,  cioud-aotion  winds 
derived  twice  dally  from  satellite  data,  and  enroute 
meteorological  observations  from  (xsomercial  and 
military  aircraft  (AIBEFS)  within  six  houra  of 
synoptic  times.  Conventlcxial  data  charts  are  prepared 
daily  at  OOOOZ  and  1200Z  using  computer-  and 
hand-plotted  data  tar  the  surface/gradient  and  200  mb 
(upper-tnpospherlc)  levels.  In  addition  to  these 
analyses,  charts  at  the  925,  850,  700,  500  and  400  mb 
levels  are  computer-plotted  from  ravrlnsonde/pibal 
observations  at  the  12-hour  syncptic  times. 

c.  AIRCRAFT  RECQNNAISSAIO;: 

Data  provided  by  aircraft  weather  reconnaissance 
are  invaluable  for  locating  the  position  of  the 
center  of  developing  ^sterns  and  essential  for  the 
accurate  determination  of: 

-  maximun  surface  and  fll^it-level  wind 

-  miniiiun  sea-level  pressure 

-  horizontal  surface  and  flight-level  wind 
distribution 

-  eye/center  temperature  and  dew  point 


In  addition,  wind  and  pressure-height  data  at 
the  500  and/or  400  mb  levels,  provided  by  Ihe 
aircraft  ihlle  enroute  to,  <»•  from  fix  missions,  or 
during  dedicated  synoptic-scale  flights,  provide  a 
valuable  supplement  to  the  all  too  sparse  data  fields 
of  JTWC's  area  of  responsibility.  A  more  detailed 
dlscusslcn  of  aircraft  weather  reconnaissance  is 
presented  in  Chapter  II. 

d.  SATFTXITE  REIXNNAISSANCE: 

Meteorological  satellite  data  (htalned  from  the 
Defense  Meteorological  Satellite  Program  (DHSP)  and 
National  Oceanic  and  Atmosfherlc  Attaiinlstraticn 
(NQAA)  spacecraft  played  a  major  role  in  the  early 
detecti(wi  and  tracking  of  tropicad  cyclcnies  in  1986. 
A  discnisslcn  of  the  role  of  these  fm'agrams  is 
presoited  in  Chapter  II. 

e.  RADAR  RECONNAISSANCE: 

During  1986,  as  in  previous  years,  land-based 
radar  coverage  was  utilized  extensively  when 
available.  Cnee  a  tropical  cyclone  moved  within  the 
range  of  land-baised  radar  sites,  their  r^>orts  were 
essmitlal  for  determination  of  small-scale  movement. 
Use  of  radar  rqxurts  during  1986  is  discussed  in 
Chapter  II. 


3.  COMMUNICATIONS 

a.  JTWC  currently  has  access  to  three  primary 
ccmnunlcatlcais  circuits. 

(1)  The  Automated  Digital  Network  (AUTODIN)  is 
used  for  (Usseminaticmi  of  warnings,  alerts  and  other 
related  bulletins  to  Department  of  Defense 
installations.  These  massages  are  relayed  for 
further  transmission  over  U.S.  Navy  Fleet  Broadcasts, 
and  U.S.  Coast  Guard  CW  ((xxitinuous  wave  Horse  Code) 
and  voice  broadcasts.  Inbound  message  traffic  for 
JTWC  is  received  via  AUTODIN  addressed  to 
NAVOCEANCCHCEN  GQ  cr  DET  1  IWW  NIMITZ  HIIJ.  OQ. 

(2)  The  Air  Force  Automated  Weather  Network 
(AWN)  provides  weather  data  to  JTWC  throu^  a 
dedicated  circuit  from  the  Automated  Digital  Weather 
Switch  (AIMS)  at  Hicdcam  AFB,  Hawaii.  The  ADWS 
selects  and  routes  the  large  volume  metecm«logical 
reports  ne<»ssary  to  satisfy  JTWC  requiremmits  for 
the  right  data  at  the  right  time.  Weather  bulletins 
pr^jared  by  JTWC  are  inserted  into  the  AWN  circuit 
via  the  Naval  Environmental  Display  Station  (NS)S) 
throu0i  the  Nlmltz  Hill  Naval  Telecomnunications 
Center  (NTCC)  of  the  Naval  (ksnunlcatlons  Area  Master 
Station  Western  Pacific. 

(3)  The  Naval  Bnvircmnmental  Data  Network  (NEDN) 
is  the  communications  link  with  the  computers  at 
FLENUIOCEANCEN.  JTWC  is  able  to  receive 
environmental  data  from  FLENUHXEANCEN  and  provide 
data  directly  to  the  (xxiputers  to  execute  numerical 
te(ihnlques. 

b.  NEDS  has  been  the  backbone  of  the  JTWC 
communications  system  for  several  years.  CUrroitly, 
JTWC  is  undergoing  an  upgrade  that  will  make  use  of 
microcomputer  technology  and  automate  nu<b  of  the 
work  that  goes  into  message  pr^>aration  and 
transmission.  This  will  decrease  the  workload  on  the 
NEDS  and  allow  JTWC  to  interface  directly  with  NIOC 
for  AWN  and  AUTCSIN  messages. 
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4.  ANALYSES 


A  cooposlte  surface/gradiKit  level  (3000  ft 
(9W  m))  manual  analysis  of  the  jnc  ai^ea  of 
responsibility  is  accooplished  on  the  OOOOZ  and  1200Z 
conventional  data.  Analysis  of  the  wind  field 
using  streamlines  is  stressed  for  tropical  and 
subtropical  regions.  Analysis  of  the  pressure  field 
cutside  the  tropics  is  accomplished  routinely  by  the 
Naval  Oceanography  Command  Center  Operations  watch 
team  and  is  used  by  JTWC  in  conjunction  with  their 
analysis  of  the  tr<pical  wind  fields. 

A  conposlte  ipper-tropospheric  manual  streamline 
analysis  is  accomplished  daily  utilizing  rawlnsonde 
data  from  300  mb  through  100  up,  winds  obtained  from 
satellite-derived  cloud  motion  analysis,  and  AIREPS 
(takai  plus  or  minus  six  hours  of  chart  valid  time) 
at  or  above  29,000  feet  (8,839m).  Wind  and  height 
data  are  used  to  generate  a  representative  analysis 
of  tropical  cyclone  outflow  patterns,  mid-latitude 
steering  currents,  and  features  that  may  influaice 
tropical  cyclone  inteisity.  All  charts  are 
hand-plotted  in  the  tropics  to  provide  all  aveillable 
data  as  socn  as  possible  to  the  Typhoon  Duty  Office' 
(TDO) .  Ihese  charts  are  augmented  by 
ccnputei^-plotted  charts  for  the  final  analysis. 

Computer-plotted  charts  for  the  925  .  850  ,  700, 
500  and  WO  nt>  levels  are  available  fear  streamline 
and/or  height-change  analysis  from  the  OOOOZ  and 
1200Z  data  base.  Additional  secticxial  charts  at 
interms<U.ate  synoptic  times  and  auxiliary  charts, 
such  as  station-time  plot  diagrams  and 
pressure-change  charts,  are  also  analyzed  during 
periods  of  significant  trcspical  cyclone  ajtivlty. 


5.  FORECAST  AIDS 

The  following  objective  techniques  were  eoployed 
in  trcplcal  cyclone  forecasting  during  1^6  (a 
description  of  these  techniques  is  presented  in 
Ch^ter  V): 

a.  NJviiMENT 

(1)  12-HOCR  EXTRAPOLATION 

(2)  CLIMATOLOGr 

(3)  OOSMDS  (Ncdel  Output  Statistics) 

(4)  NTCM  (Nested  Grid  Dynamic  Model) 

(5)  OTJCM  (Dynamic  Model) 

(6)  TAPT  (Ehplrical) 

(7)  TPAC  (Extrapolation  and  Climatology 

Blend) 

(8)  TYAN78  (Analog) 


b.  INTENSm 

(1)  CLIMATOLOGY 

(2)  DVORAK  (Ehpirlcal) 

(3)  theta  E  (Eliplrical) 


c,  WIND  RADIUS 


6.  FORECAST  PROCEDURES 


a.  INITIAL  POSITIONING 

The  warning  position  is  the  best  estimate  of  the 
center  of  the  surface  circulation  at  synoptic  time. 
It  is  estimated  from  an  analysis  of  all  fix 
information  received  up  to  one  and  c«ie-half  hours 
after  synoptic  time.  This  analysis  is  based  on  a 
soBi-objective  weighting  of  fix  information  based  on 
the  historical  accuracy  of  the  fix  platform  and  the 
meteorological  features  used  for  the  fix.  The 
interpolated  warning  position  reduces  the  weighting 
of  any  single  fix  and  results  in  a  more  consistent 
movement  and  a  warning  positicn  that  is  more 
representative  of  the  larger-scale  circulation.  If 
the  fix  data  are  not  available  due  to  reconnaissance 
platform  malfunction  or  ccmnunication  problems, 
synoptic  data  or  extrapolation  from  previous  fixes 
are  used. 

b.  TRACK  FCRECASTING 

A  preliminary  forecast  track  is  developed  based 
on  an  evaluation  of  the  rationale  b^lnd  the  previous 
warning  and  the  guidance  given  bY  the  most  recent 
set  of  objective  techniques  and  numerical  prognoses. 
This  preliminary  track  is  then  subjectively  modified 
based  on  the  following  considerations: 

(1)  The  prospects  for  recurvature  or  erratic 
movement  are  evaluate.  This  determination  is  based 
priaiarily  on  the  present  and  forecast  positions  and 
anplltudes  of  the  mlddle-tix^x>spherlc,  mid-latitude 
trou^  and  ridges  as  depicted  on  the  latest 
ipper-air  analysis  and  numerical  forecasts. 

(2)  Determination  of  the  best  steering  level 
is  partly  Influmiced  the  maturity  and  vertical 
extent  of  the  tropiceOl  cyclone.  For  mature  tropical 
cyclaies  located  south  of  the  subtropical  ridge  axis, 
forecast  changes  in  speed  of  movement  are  closely 
correlated  with  anticipated  cdianges  in  the  intensity 
or  relative  position  of  the  ridge.  When  steering 
currents  are  relatively  weak,  the  tendency  for 
trcqjioal  cyclones  to  move  northward  due  to  internal 
forces  is  an  important  consideration. 

(3)  Over  the  12-  to  72^iour  (12-  to  48^our 
in  the  southern  hemisphere)  forecast  period,  speed  of 
movement  during  the  early  forecast  period  is  usually 
biased  towards  persistence,  while  the  later  forecast 
periods  are  biased  towards  objective  techniques. 
When  a  tropical  cyclone  moves  poleward,  euxj  toward 
the  mid-latitude  steering  currents,  speed  of  movement 
becomes  increasingly  more  biased  toward  a  selective 
group  of  objective  techniques  capable  of  estimating 
acceleration. 

(4)  The  proximity  of  the  trc^lcal  cyclone 
to  other  tropical  cyclones  is  closely  evaloiated  to 
determine  if  there  is  a  possibility  of  binary 
Interaction. 

A  final  Check  is  made  against  climatology  to 
determine  whether  the  forecast  track  is  reasonable. 
If  toe  forecast  deviates  greatly  from  one  of  the 
climatological  tracks,  the  forecast  ratioxiale  may 
be  reappraised. 

c.  INTENSITY  FORECASTING 

For  this  parameter,  heavy  reliance  is  placed 
on  intensity  trenols  from  aircraft  reconnaissance 
wind  and  pressure  data  from  ships  and  land 
stations  in  toe  vicinity  of  toe  tropical  cyclone. 
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the  Dvoorak  satellite  enplrlcal  model  and  climatolcsy. 
An  evaluation  of  the  entire  synoptic  situation  is 
made.  Including  the  location  of  major  troughs  and 
ridges,  the  position  and  intensity  of  any  nearby 
tropical  UK)er-tropospberip  troughs  (TUTIs),  the 
vertical  and  horizontal  Extent  of  the  ti^lcal 
cyclone’s  circulation  and  the  extent  of  the 
associated  ipper-level  outflow  pattern.  An  essential 
element  affecting  eatSi  intaisity  forecast  is  the 
accompanying  forecast  track  and  the  environmental 
influences  along  that  track,  su«4i  as  terrain, 
vertical  wind  shear,  and  the  existence  of  an 
extratropical  environment. 

Once  the  forecast  Intensities  have  been  derived, 
the  horizontal  distribution  of  surface  winds  (winds 
greater  than  30- ,  50- ,  and  100-knots)  is  determined. 
The  most  recent  wind  radii  and  associated  asymmetries 
are  deduced  from  all  available  surface  wind 
observations  and  reconnaissanoe  aircraft  reports. 
Based  oi  the  current  sttrface  wind  distribution, 
preliminary  estimates  of  future  wind  radii  are 
provided  ty  an  eopirically  derived  objective 
technique.  These  estimates  may  be  subjectively 
modified  based  upon  the  anticipated  interaction  of 
the  tropical  cyclone's  circulation  with  forecast 
locations  of  large-scale  wind  regimes  and  significant 
land  masses.  Other  factors  including  the  tropical 
cyclone's  speed  of  movement  and  possible 
extratropical  transition  are  also  considered. 


7.  WARNINGS 

Tropical  cyclone  warnings  are  issued  when  a 
closed  circulation  is  evident  and  maximum  sustained 
winds  are  forecast  to  increase  to  3^  knots  (18 
meters  per  second)  within  48  hours,  or  if  the 
tropical  cyclone  is  in  such  a  position  that  life  or 
property  may  be  endangered  within  72  hours.  Warnings 
may  also  be  issued  in  other  situations  if  it  is 
determined  that  there  is  a  need  to  alert  military  or 
civil  interests  to  threatening  tropical  weather 
coidltions. 

Each  tropical  cyclone  .'warning  is  numbered 
sequentially  and  includes  the '.following  information; 
the  position  of  the  surface  center;  estimate  of  the 
position  accuracy  and  the  sifljporting  reconnaissance 
(fix)  platforms:  the  direction  and  speed  of  movement 
during  the  past  six  hours  (past  12-hours  in  the 
southern  hemisphere):  the  intensity  and  radial  extent 
of  over  30- ,  50- ,  and  100-knot  surface  winds,  when 
applicable.  At  forecast  intervals  of  12-,  24-,  48-, 
and  72-hotirs  (12-,  24-,  and  48-hours  in  the  southern 
hemisphere),  information  cm  the  tropical  cyclone’s 
anticipated  position,  intensity  and  wind  radii  are 
also  provided.  Vectors  Indicating  the  mean  direction 
and  mean  speed  between  forecast  positions  are  also 
included  in  all  warnings. 

Warnings  in  the  western  North '  Pacific  and  North 
Indian  Oceans  are  issued  every  six  hours  valid  at 
standard  times;  OOOOZ,  06(X)Z,  1200Z  and  1800Z  (every 
12-hours;  OOOOZ,  1200Z  or  0600Z,  1800Z  in  the 
southern  hemisphere).  All  warnings  are  released  to 
the  ccmnunlcations  network  no  earlier  than  synoptic 
time  and  no  later  than  synoptic  time  plus  two  and 
one-half  hours  so  that  recipients  will  have  a 
reasonable  expectation  of  having  all  warnings  "in 
hand"  by  synoptic  time  plus  three  hours  (0300Z, 
0900Z,  1500Z  and  2100Z), 


Warning  forecast  positions  are  later  verified 
against  the  cccre^xxnding  'Tjest  track"  positions 
(c>btained  during  detailed  post-storm  analysis  to 
determine  the  actual  path  and  intensity  of  the 
cyclone).  A  sunnary  of  the  verification  results  for 
1986  fer  the  North  Indian  and  western  North  Pacific 
Ocean  is  present  in  Ch^ter  V. 

8.  PROGNOSTIC  REASONING 
MESSAGES 

For  tropical  storms  and  tyi^oons  in  the  western 
North  Pacific  Ocean,  prognostic  reasoning  messages 
are  transmitted  following  the  0(X}0Z  and  1200Z 
warnings,  or  whenever  the  previous  forecast  reasoning 
is  no  longer  valid.  This  plain  language  message  is 
Intended  to  provide  meteorologists  with  the  reasoning 
behind  the  latest  forecast. 

In  addition  to  this  message,  prognostic 
reasoning  information  applicable  to  all  cutstemers  Is 
provided  in  the  remarks  section  of  warnings  vdien 
significant  forecast  changes  are  made  or  deemed 
appropriate  by  the  TBO. 

9>  TROPICAL  CYCLONE 
FORMATION  ALERT 

Tropical  Cyclone  Formation  Alerts  (TCPAs)  are 
issued  vftienever  interpretation  of  satellite  imagery 
and  other  meteorological  data  indicate  that  the 
formation  of  a  sigtJificant  tropical  cyclone  is 
likely.  These  formation  alerts  will  specify  a  valid 
period  not  to  exceed  twenty-four  hours  and  must 
either  be  cancelled,  reissued,  or  superseded  by  a 
trqpical  cyclone  warning  prior  to  the  expiration  of 
the  vsJ-id  time. 

10.  SIGNIFICANT  TROPICAL 
WEATHER  ADVISORY 

This  product  contains  a  general,  non-technical 
descriptlrai  of  all  tropical  disturbances  in  JTWC's 
area  of  responsibility  (AOR)  and  an  assessment  of 
their  potential  for  further  (tropical  cyclone) 
develcpnent.  In  addition,  all  tropical  cyclones  in 
warning  status  eu^e  briefly  discussed.  Two  separate 
messages  are  issued  daily  and  are  valid  for  a  24-hour 
period.  The  Significant  Tropical  Weather  Advisory 
for  the  western  Pacific  Ocean  (ABPW  PGIW)  covers  the 
area  east  of  100  degrees  East  Longitude  to  the 
dateline  and  is  issued  by  0600Z.  The  Significant 
Tropical  Weather  Advisory  for  the  Indian  Ocean  (ABIO 
PGTW)  covers  the  area  west  of  100  degrees  Eeist 
Longitude  to  the  coast  of  Africa  and  is  issued  by 
1800Z.  It  is  reissued  vdienever  the  situation 
warrants.  For  each  suspect  area,  the  words  "poor", 
"fair",  and  "good"  are  used  to  describe  the  potential 
for  further  development.  "Poor"  is  used  to  describe 
a  tropical  disturbance  that  is  not  expected  to 
require  a  TCFA  during  the  advisory  period;  "fair"  is 
used  to  describe  a  tropical  disturbance  that  is 
currently  not  covered  by  a  TCFA,  but  for  trtiich  it  is 
likely  that  a  TCFA  will  be  Issued  during  the  advisory 
period;  ar>d  "good"  is  used  when  the  tropical 
disturbance  is  covered  by  a  TCFA. 
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CHAPTER  II  -  RECONNAISSANCE  AND  FIXES 


1.  GENERAL 

Hie  Joint  lyptaoan  Vamlng  Center  dqiends  on 
reoomalssanoe  to  provide  neoeasary,  accurate,  and 
tlaely  nateorologlcal  Inforaatlon  In  aipport  of  ea<^ 
Mainlng.  JIMC  relies  lariBarlly  on  tiiree 
reconnaieaanoe  platfonoB:  aircraft,  satellite,  and 
radar.  In  data  rich  areas,  synoptic  data  are  also 
used  to  sipplement  the  above.  Optinain  utilization  of 
all  available  reconnalsaance  resources  is  obtained 
tbrou^  the  Selective  Reconnaissance  Progr^  (SRP); 
various  factors  are  considered  in  selecting  a 
i^ieciflc  reconnaissance  platfom  including 
ce^iabilltles  and  linltations,  and  the  trqplcal 
cyclone's  threat  to  life  and  jncperty  both  afloat  and 
ashore.  A  susnary  of  recomalssance  fixes  received 
during  1985  is  included  in  Section  6  of  this  cte^iter. 

2.  RECONNAISSANCE 
AVAILABILITY 

a.  Aircraft 

Aircraft  weather  reconnaissance  for  the  JHC  is 
performed  by  the  54th  Weather  Reconnalsaance  Squadron 
(54tb  WRS)  located  at  Andersen  Air  Force  Base.  Guam. 
The  54th  WRS  c«ly  averaged  three  to  four 
storm-capable  aircraft  (six  assigned)  throu^cut  the 
entire  year.  On  April  8tb,  five  of  the  54th  WRS's 
six  WC-130  aircraft  were  grounded  for  cracked  wings 
(the  sixth  was  ix^vlously  grounded  for  major 
DBlntoiance  repairs).  This  left  the  unit  with  no 
stons-c^iable  aircraft  for  a  short  period  of  time 
iiitll  replacements  began  arriving  from  the  53rd  WRS, 
Keesler  Air  Force  Base,  Mississl;pi.  During  the 
period  1  August  -  5  October,  two  53rd  WRS  UC-130 
aircraft  and  crews  were  in  place  to  augment  54th  WRS 
resources.  But  during  this  period.  Joint  Chiefs  of 
Staff  tasking  took  away  two  1C-130  aircraft  from  the 
54th  WRS,  resulting  in  no  net  aircraft  augp«itation 
for  the  season.  The  JTWC  aircraft  reconnaissance 
requirements  are  provided  dally  to  the  Recomaisseuice 
Coordinator  (TCARC).  The  TCARC  then  marries  the 
tasking  from  JTWC  with  the  available  alrfranes  from 
the  54th  WRS. 

As  in  previous  years,  aircraft  reconnaissance 
provides  direct  measurements  of  standard 
pressure-level  height,  tenperature,  flight-level 
winds,  sea-level  pressure,  estimated  surface  winds 
(irtien  observable),  and  numerous  additional 
parameters.  The  meteorological  data  are  gathered  by 
the  Aerial  Reconnaissance  Vfeather  Officer  (ARMC)  and 
dropsonde  operators  of  Detachment  3,  l3t  Weather  Wing 
who  fly  with  the  54th  WRS.  These  data  provide  the 
Typhoon  Duty  Officer  (TDO)  with  indications  of 
traplcal  cyclone  position  and  IntaEislty.  Another 
important  a^iect  is  the  availability  of  the  data  for 
technique  development  and  trcpical  cyclone  research. 

b.  Satellite 

Satellite  fixes  from  USAPAJSN  ground  sites  and 
OSN  ships  provide  day  and  night  coverage  in  JTWC's 
area  of  responsibility.  Interpretation  of  this 
satellite  imagery  provides  tropical  cyclone  positions 
and  estimates  of  current  and  forecast  intensities 
throu0i  the  Dvorak  technique. 

c.  Radar 

Land-based  radar  provides  positioning  data  on 
well-developed  tropical  cyclones  >dien  In  the 
proximity  (usually  within  175  nm  (324  km))  of  the 
radar  sites  in  the  Philippines,  Taiwan,  Hong  Kong, 
Japan,  South  Korea,  Kwajaleln,  and  Ckiam. 


d.  Synoptic 

JTWC  also  determines  tropical  cyclone  positions 
based  on  the  analysis  of  the  surface/gradlent-level 
synoptic  data.  These  positions  were  helpful  in 
situations  where  the  vertical  structure  of  the 
tropical  cyclone  was  weak  or  accurate  suz^ace 
positions  from  aircraft  or  satellite  were  not 
available. 

3.  AIRCRAFT 

RECONNAISSANCE 

SUMMARY 

During  1986,  JTVC  levied  requirements  for  250 
vortex  fixes  and  73  investigative  misslcxs  of  idilCh  9 
were  flown  into  disturbances  that  did  not  develop.  In 
addition  to  the  levied  fixes,  206  Inteimedlate  fixes 
were  also  obtained.  Thirty-six  synoptic  missions 
were  requested  and  flown  to  {urovide  ndd-level 
steering  information.  The  average  distance  error  for 
all  aircraft  fixes  received  at  JTWC  during  1986  was 
13  rm  (24  km). 

Airci'aft  recomalssance  effectiveness  is 
sixanarized  in  Table  2-1.  The  manner  in  idilch  the 
aerial  recomalssance  misslm  is  graded  dianged 
during  1986.  A  new  Mission  Effectiveness  Grading 
(MEG)  system  was  tested  operationally.  No  longer  is 
the  early,  late  or  on-tlme  criteria  being  used.  The 
new  system  graded  the  perfomance  of  the  mlsslm  as 
satisfactory,  degraded  but  satisfactory, 
msatlsfactory  or  missed.  A  mission  could  be 
degraded  if  certain  critical  weather  parameters  were 
not  obtained  such  as  tenperature,  dew  point,  ndnimum 
sea-level  pressure,  flltJit-level  height  in  meters, 
etc.  Also  if  too  much  time  or  too  little  time 
elapsed  between  the  primary  and  intermediate  fixes, 
the  mission  could  be  degraded  and  yet  be 
satisfactory. 
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2 

0.75 

1979 

269 

14 

4.65 

1960 

213 

4 

1.95 

1961 

201 

3 

1.55 

1982 

276 

IT 

6.25 

1963 

157 

3 

1.95 

1964 

210 

2 

1.05 

•  1965 

210 

14 

6.75 

1966 

250 

10 

4.05 

1  ■  COtUCTlD  rot  1965. 
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4.  SATELLITE 

RECONNAISSANCE 

SUMMARY 

The  Air  Force  provides  satellite  reconnaissance 
support  to  JTWC  througji  a  tropical  cyclone  satellite 
surveillance  network  consisting  of  both  tactical  and 
caitralized  facilities.  Tactical  DMSP  sites 
nenitoring  MCP,  NOAA  and  geostationary  satellite 
data  are  located  at  Nimltz  Hill,  Guam;  Clark  AB, 
Republic  of  the  Philippines;  Kadena  AB,  Okinawa, 
Japan;  Osan  AB,  Republic  of  Korea;  and  Hlokam  AFB, 
Hawaii.  These  sites  provide  a  conabined  coverage  that 
includes  most  of  JTWC's  area  of  responsibility  in  the 
western  North  Pacific  from  near  the  dateline  westward 
to  the  Malay  Peninsula.  For  the  remainder  of  its 
ADR,  JTWC  relies  on  the  Air  Force  Global  Weather 
^ntral  (AFGWC)  to  provide  coverage  using  stored 
satellite  data.  The  Naval  Oceanography  Command 
Detachment,  Diego  Garcia,  provides  NOAA  polar 
orbiting  coverage  in  the  central  Indian  Ocean  as  a 
supplement  to  this  support.  U.S.  Navy  ships  equipped 
for  direct  readout  also  provide  supplementary 
svpport. 

AFGWC,  located  at  Offutt  AFB,  Nebraska,  is  the 
centralized  meotoer  of  the  tropical  cyclone  satellite 
surveillance  network.  In  suK^ort  of  JTWC,  AFGWC 
processes  stored  imagery  from  DMSP  and  NOAA 
spacecraft.  Imagery  recorded  onboard  the  spacecraft 
as  they  paiss  over  the  earth  is  later  downlinked  to 
AFGWC  via  a  network  of  command  readout  sites  and 
ccnmunication  satellites.  This  miables  AFGWC  to 
obtain  the  coverage  necessary  to  fix  all  tropical 
systems  of  interest  to  JTWC.  AFGWC  has  the  primary 
responsibility  to  provide  tropical  cyclone 
surveillance  over  the  entire  Indian  Ocean,  southwest 
Pacific,  and  the  area  near  the  dateline. 
Additionally,  AFGWC  can  be  tasked  to  provide  tropical 
cyclone  positions  in  the  entire  western  North  Pacific 
as  backup  to  coverage  routinely  available  in  that 
region. 

The  hub  of  the  network  is  Detachment  1,  First 
Weather  Wing  (Det  1,  IWW),  colocated  with  JTWC  on 
Nlmitz  Kill,  Guam.  Based  on  available  satellite 
coverage,  Det  1,  IWW  is  responsible  for  coordinating 
satellite  reconnaissance  requirements  with  JTWC  and 
tasking  the  individual  network  sites  for  the 
necessary  tropical  cyclone  fixes  and  intensity 


estimates.  When  a  particular  fix  is  Important  to  the 
development  of  JTWC's  next  tropical  cyclone  warning, 
two  sites  are  tasked  to  fix  the  trcplcal  cyclone  frcm 
the  same  satellite  pass.  This  "dual-site"  concept 
provides  the  necessary  redurxlanoy  to  virtually 
guarantee  JTWC  an  accurate  satellite  fix  on  the 
tropical  cyclone. 

The  network  provides  JTWC  with  several  products 
and  services.  The  main  service  is  one  of  monitoring 
its  AOR  for  indications  of  tropical  cyclone 
development.  If  an  area  exhibits  the  potential  for 
development,  JTWC  is  notified.  Once  JTWC  issues 
either  a  Tropical  Cyclone  Formation  Alert  or  warning, 
the  network  is  tasked  to  provide  thr«e  products: 
tropical  cyclone  positicms,  intensity  estimates  and 
forecast  intensities.  Each  satellite  tropical 
cyclone  position  is  assigned  a  Position  Code  Number 
(PCN)  to  indicate  the  accuracy  of  the  fix  position. 
This  is  determined  by  the  availability  of  visible 
lanctaarks  in  the  image  for  precise  grlddlng,  and  the 
d^ree  of  organization  of  the  tropical  cyclone’s 
cloud  system  (Table  2-2). 


TABLE  2-2. 

POSITION  CODE  NUMBERS 

PCN 

METHOD  OF  CENTER  DETERMINATION/GRIDDING 

1 

EYE/GEOGRAPHY 

2 

EYE/EPHEMERIS 

3 

WELL-DEFINED  CIRCULATION  CENTER/ GEOGRAPHY 

4 

Wa.L-DEFINED  CIRCUUTION  CENTER/EPHEMERIS 

5 

POORLY  DEFINED  CIRCULATION  CENTER/GEOGRAPHY 

6 

POORLY  DEFINED  CIRCULATION  CENTER/EPHEMERIS 

During  1986,  the  network  provided  JTWC  with  a 
total  of  2693  satellite  fixes  on  tropical  systems  in 
the  western  North  Pacific.  This  is  a  record  number 
of  fixes  for  the  year.  Another  57  fixes  were  made 
for  tropical  systems  in  the  North  Indian  Ocean.  A 
ccmparison  of  those  fixes  of  numbered  tropical 
cyclones  in  the  western  North  Pacific  with  their 
corresponding  JTWC  best  track  positions  is  shown  in 
Table  2-3a  (Ccmparison  of  fixes  with  the 
corresponding  best  track  for  the  South  Pacific  and 
Indian  Oceans  are  presented  in  Table  2-3b). 


TABLE  2-3A.  MEAN  DEVIATION  (NM)  OF  ALL  SATELLITE  DERIVED  TROPICAL 

CYCLONE  POSITIONS  FROM  THE  JTWC  BEST  TRACK  POSITIONS 
IN  THE  WESTERN  NORTH  PACIFIC  AND  NORTH  INDIAN  OCEANS. 
NUMBER  OF  CASES  IN  PARENTHESES. 


WESTERN  NORTH 

PACIFIC 

OCEAN 

NORTH  INDIAN 

OCEAN 

1976 

-1985  AVERAGE 

1986 

1980- 

-1985  AVERAGE 

1986 

PCN 

(ALL  SITES) 

(ALL  SITES) 

(ALL  SITES) 

(ALL  SITES)  1 

1 

13.6 

(1632) 

17.7 

(188) 

16.7 

(40) 

-  -  -  - 

(0) 

2 

16.6 

(1792) 

16.0 

(450) 

18.9 

(7) 

— — 

(0) 

3 

20.9 

(2367) 

26.6 

(204) 

17.6 

(21) 

161.6 

(1) 

4 

22.9 

(1300) 

29.4 

(398) 

58.3 

(10) 

— 

(0) 

5 

37. A 

(A381 ) 

45.1 

(322) 

33.5 

(220) 

87.4 

(12) 

6 

39.5 

(3250) 

40.8 

(1125) 

37.5 

(203) 

106.1 

(22) 

U2 

15.2 

(3424) 

16.5 

<638) 

17.2 

(47) 

— 

(0) 

Sit 

21 .6 

(3667) 

28.5 

(602) 

33.0 

(31) 

161.6 

(1) 

5&6 

38.3 

(7631) 

41.8 

(1447) 

34.7 

(423) 

99.5 

(34) 

TOTALS 

(14722) 

(2687) 

(501) 

(35) 

6 


TABLE  2-3B.  HEAK  DEVIATIOK  (IH)  <«  ALL  SATELLITE  DEBIVED 
TEOFICAL  CYCLORE  POSITKWS  IN  THE  SOUTH 
PACIFIC  AND  SOUTH  INDIAN  OCEANS. 

NUMBER  OF  CASES  IN  PARENTHESES. 

1986 


PCN  (ALL  SITES) 


1 

16.3 

(98) 

2 

15.6 

(1M) 

3 

39.5 

(55) 

H 

23.9 

(111) 

5 

W.T 

(158) 

6 

36.1 

(1012) 

1&2 

16.3 

(192) 

3&4 

29.1 

(166) 

346 

37.5 

(1170) 

TOTALS 

(1528) 

Estimates  of  the  tropical  cyclone's  eurrait  Intensity 
and  24-hour  Intensity  forecast  are  made  every  12 
hours  ty  applying  the  Dvorak  technique  (NOAA 
Technical  Report  NE^IS  11)  to  visual  and  enhanced 
infrared  imagery  (Figure  2-1  and  Table  2-4). 


Figure  2-1.  Dvorak  code  for  communicating  estimates 
of  current  and  forecast  intensity  derived  from  satellite 
data.  In  the  example,  the  current  T-nunAer  is  3J,  but 
the  current  intensity  estimate  is  43  (equivalent  to77  kt 
(40  nil  sec)).  The  cloud  system  has  weakened  by  13 
T-numbers  since  the  previous  evaluation  conducted  24 
hours  earlier.  The  plus  (+)  symbol  indicates  an  eqtected 
reversal  cf  the  weakening  trend  or  very  little  further 
weakening  of  the  tropical  cyclone  during  the  next 
24-hour  period. 

Figure  2-2  shows  the  status  of  operational  polar 
orbiting  spacecraft.  Four  were  available,  on  the 
average,  throughout  the  year.  The  ttfo  EHSP 
satellites,  17540  (F6)  and  18541  (F7),  operated 
reliably  throu^  the  year  with  only  occasional  minor 
imagery  loss  due  to  seasonal  repositioning  of  a  glare 
obstructor  ((HJC£)  on  the  F6  ^cecraft.  NOAA 
^»oecraft  did  not  fare  as  well.  On  January  1st, 
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NQAA  6  was  returned  to  service  from  standby  mods  to 
replace  an  ailing  NQAA  8.  Only  partially 
operaticMial ,  NQAA  6  served  as  the  primary  morning 
spacecraft  for  most  of  1986.  Its  most  serious 
limitation  (for  Det  1,  IWs  operations)  was  the 


appearance  of  "railiFoad  track-like"  lines  throu^i  the 
center  of  its  High  Resolution  Picture  Transmissions 
(HRPT)  imagery.  But  by  17  Noveinber,  it  had  again 
beei  placed  on  standby  (with  HRPT  and  Automatic 
Picture  Transmissicn  (APT)  turned  off),  and  was 
replaced  by  the  newly-launched  NOAA  10.  NOAA  10  and 
NQAA  9  have  had  no  major  problems  ]H?ovldirg 
high-quality  imagery  througi  the  rmnainder  of  the 
year. 

5.  RADAR 
RECONNAISSANCE 
SUMMARY 

Eighteen  of  the  27  significant  tropical  cyclones 
in  the  western  North  Pacific  durdng  1986  passed 
within  range  of  land-based  radar  with  sufficient 
cloud  pattern  organizati(3n  to  be  fixed.  The 
land-based  ]?adar  fixes  that  were  obtained  and 
transmitted  to  JTVIC  totaled  899.  Only  one  radar  fix 
was  obtained  by  reconnaissance  aircraft. 

The  WHO  )?adar  code  defines  three  cat^orles  of 
accuracy:  good  (within  10  km  (5  nm)),  fair  (within 
10-30  km  (5-16  rm)),  and  poor  (within  30-50  km  (16-27 
nn)).  Of  the  900  radar  fixes ’c<pded  in  this  manner; 
243  were  good,  257  mere  fair,  and  400  were  poor. 
Ccnpared  to  JTVIC's  best  track,  the  mean  vector 
deviation  for  land-based  radar  sites  was  16  nm  (29 
km).  Excellent  support  througi  timely  and  accurate 
radar  fix  positioning  allowed  JTWC  to  track  and 
forecast  trx)pical  cyclexie  movement  through  war  the 
most  difficult  erratic  tracks. 

As  in  pr^evious  years,  no  radar  reports  were 
received  on  North  Indian  Ocean  trx^lcal  cyclones. 

6.  TROPICAL  CYCLONE 
FIX  DATA 

A  total  of  3868  fixes  on  27  western  North 
Pacific  tropical  cyclones  and  59  fixes  on  3  North 
Indian  Ocean  tropical  cyclones  were  received  at  JTWC. 
Table  2-5A,  Fix  Platform  Sunnary,  delineates  the 
number  of  fixes  per  platform  for  each  individual 
trapical  cyclone.  Season  totals  and  percentages  are 
also  indicated.  (Table  2-5B  provides  the  same 
information  for  the  South  Pacific  and  South  Indian 
Oceans.) 


TABLE  2-4, 

MAXIMUM  SUSTAINED  WIND  SPEED  (KT) 

AS  A  FUNCTION  OF  DVORAK  Cl  A  FI 
(CURRENT  AND  FORECAST  INTENSITY) 
NUMBER  AND  MINIMUM  SEA-LEVEL 

PRESSURE  (HSLP) 

1  TROPICAL  CYCLONE  WIKD 

MSLP 

INTENSITY 

NUMBER  SPEED 

(NW  PACIFIC) 

0.0 

<25 

0.5 

25 

— 

1.0 

25 

— — 

1.5 

25 

— 

2.0 

30 

1000 

2.5 

35 

997 

3.0 

45 

991 

3.5 

55 

984 

4.0 

65 

976 

4.5 

77 

966 

5.0 

90 

953 

5.5 

102 

941 

6.0 

115 

927 

6.5 

127 

914 

7.0 

140 

898 

7.5 

155 

879 

8.0 

170 

858 
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TABLE  2-9k. 


nx  PUTPOm  SWBUHY  POB  1966 


HISTBBM  BOm  PACIFIC 

AIRCRAFT 

SATELLITE 

RADAR 

STBOPTIC 

TOTAL 

n  JUDT 

(om) 

9 

6A 

0 

0 

93 

TT  KBB 

(OZH) 

6 

97 

0 

0 

105 

Sn  LOLA 

(03l(> 

10 

92 

0 

0 

102 

tS  HAC 

(MH) 

A 

10A 

27 

0 

135 

TT  XAXCT 

(0») 

A 

60 

26 

0 

90 

TS  OHDI 

<06H} 

8 

A9 

0 

0 

57 

STT  PBQGT 

(OTW) 

16 

179 

AO 

0 

235 

TT  ROOR 

(OSH) 

10 

96 

82 

0 

190 

TS  SARAH 

(09W) 

6 

112 

2 

0 

122 

TT  GBOaCETIB 

(11E) 

9 

93 

0 

0 

102 

TT  TIP 

(IW) 

10 

91 

0 

0 

101 

TT  VERA 

(IIW) 

20 

190 

70 

0 

280 

TT  HATES 

(12¥) 

16 

257 

37A 

3 

652 

TT  ABBT 

(1311) 

10 

93 

79 

1 

163 

TT  BEE 

(1W) 

21 

1A7 

0 

0 

166 

IT  CARKBI 

dsn) 

11 

99 

7 

0 

117 

TS  DOM 

(liV) 

1 

56 

13 

0 

70 

TT  BLLBH 

(ITE) 

6 

17A 

7A 

0 

256 

TT  FORREST 

(WW) 

6 

91 

0 

0 

99 

TS  GECttOIA 

(1W) 

A 

76 

5 

0 

65 

TS  HERBERT 

(2<W) 

A 

90 

1 

0 

95 

TS  IDA 

(211l> 

6 

90 

10 

1 

107 

TT  JOE 

(22V) 

13 

153 

6A 

0 

230 

STT  EIM 

(23V) 

23 

263 

21 

0 

307 

TS  LEX 

(2«V) 

2 

A6 

0 

0 

50 

TT  MARGE 

(25V) 

9 

1AA 

6 

0 

159 

TT  EORRIS 

(2«V1 

16 

1A9 

29 

0 

19A 

TOTALS 

270 

3179 

930 

5 

A36A 

%  or  TOTAL 

HR  OP  FIXES 

6.2* 

72.5S 

21.29 

0.19 

100.09 

EORTK  IIDIAI  OCEAE 

SATB.LXTB 

STEOPTIC 

TOTAL 

TC  01B 

25 

2 

27 

TC  02B 

15 

0 

15 

TC  03A 

17 

0 

17 

TOTALS 

57 

2 

59 

9  OF  TOTAL 

MR  OF  FIXES 

$6.6* 

3.A9 

100.09 

TABLE  2-5B. 

THE  SOUTH  PACIFIC 

AMD  smu  INDIAH  OCEAES 

FIX  PLATFORM  SUMMARY  FOR  19BS 

SATELUTE  RADAR 

SYNOPTIC 

TOTAL 

TC  01S - 

SR 

0 

0 

5A 

TC  02S  nCHOLAS 

1S6 

0 

0 

156 

TC  03P - 

AS 

0 

0 

AS 

TC  OAS  OELIFINIEA 

S8 

0 

1 

59 

TC  OSS  COSTA 

57 

0 

5 

62 

TC  06S - 

IS 

0 

0 

16 

TC  07S  OPHELIA 

AS 

0 

0 

AS 

TC  OSS - 

36 

0 

0 

36 

TC  09S  BECTOB 

60 

0 

2 

62 

TC  10S  PAHCHO 

21 

0 

0 

21 

TC  IIP  VERHOH 

A2 

0 

0 

A2 

TC  12P  HIHIFRED 

58 

0 

0 

58 

TC  13S  ERIHESTA 

7A 

0 

0 

7A 

TC  IAS  FILCNENA 

AO 

0 

0 

AO 

TC  ISP  IMA 

1A 

0 

0 

1A 

TC  16P  JUNE 

8 

0 

0 

8 

TC  17P  KELI 

AS 

0 

0 

A8 

TC  18S  RHONDA 

17 

0 

0 

17 

TC  19S  GISTA 

A2 

0 

0 

A2 

TC  20S  SELNIN 

A3 

0 

0 

A3 

TC  21 S  TIFFANY 

32 

0 

0 

32 

TC  22S  VICTOR 

90 

3 

0 

93 

TC  23P  LUSI 

81 

0 

3 

8A 

TC  2AP  ALFRED 

5A 

0 

0 

5A 

TC  2SS  HONORININA 

75 

0 

0 

75 

TC  26S  lARIHA 

19 

0 

0 

19 

TC  27S  JEFOTRA 

56 

0 

0 

56 

TC  28S  KRISOSTONA* 

73 

0 

1 

7A 

TC  29P  MARTIN 

A3 

0 

0 

A3 

TC  30P  - 

33 

0 

0 

33 

TC  31P  MAHU 

52 

0 

0 

52 

TC  328  BILLIP 

91 

0 

0 

91 

TC  33P  NAMU 

82 

0 

0 

82 

TOTALS 

1719 

3 

12 

173A 

%  OF  TOTAL 

HR  OF  FIXES 

99.1* 

0.23 

0.7* 

100.0* 

*  TC  2BS  (KRISOSTONA)  HAS  ALSO  NAMED  ALISON. 

f  TC  32S  (BILLI)  HAS  ALSO  NAMED  LILA. 
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CHAPTER  III  -  SUMMARY  OF  WESTERN  NORTH  PACIFIC 
AND  NORTH  INDIAN  OCEAN  TROPICAL  CYCLONES 


1.  GENERAL 

During  1986,  JIWC  Issued  wamings  for 
twenty-seven  tropical  cyclones  in  the  western  North 
Pacific,  liiis  included  three  super  tyjiioons,  sixteen 
typhoons,  ei^t  tropical  storms  and  no  tropical 
depressions.  This  also  included  cne  typhoon. 
Georgette  (HE),  which  initially  developed  in  the 
eastern  North  Pacific.  For  the  second  year  in  a  row 
the  total  number  of  western  North  Pacific  tropical 
cyclones  was  four  lower  than  the  climatological  mean 
of  thirty-one.  The  total  for  the  North  Indian  Ocean 
was  three  tropical  cyclones  (of  tropical  storm 
intensity),  vdiidi  is  also  leas  than  the 
climatolo^cal  mean  of  iJ.5  and  three  less  than  the 
preceding  year.  In  sunmarr,  warnings  were  Issued  on 
a  total  of  thirty  tropical  cyclones  in  the  northern 
hemisphere. 

In  WESTPAC  there  were  163  "warning  days".  (A 
"warning  day"  is  defined  as  a  day  during  »dilch  JTOC 
was  issuing  warnings  on  at  least  one  tropical 
cyclone.  A  "two-cyclone"  day  refers  to  a  day  whoi 
two  different  tropical  cyclones  were  warned  on 
simultaneously,  a  "three-cyclone"  day  -  three 
tropical  cyclones  at  one  time,  and  so  on...).  In 
WESTPAC,  there  were  thirty-two  two-cyclone  days,  four 
three-cyclone  days  and  no  four-  or  five-cyclone  days. 
When  North  Indian  Ocean  tiepical  cyclones  are 
included,  there  were  168  warning  days,  thirty-two 
two-cyclone  days,  seven  three-cyclone  days  and  no 
four-  or  five-cyclone  days. 

JTWC  issued  7^3  wamltrgs  on  the  twenty-seven 
western  North  Pacific  tropical  cyclones  and 
twenty-nine  warnings  on  the  three  North  Indian  Ocean 
tropical  cyclones,  for  a  total  of  772  northern 
hemisphere  warnings.  There  were  thirty-eight  initial 
Tropical  Cyclone  Formation  Alerts  (TCFAs)  Issued  for 
the  western  North  Pacific  and  seven  for  the  North 
Indian  Ocean,  for  a  total  of  forty-five.  All  WESTPAC 
and  North  Indian  Ocean  tropical  cyclones  (100 
percent)  developed  after  the  issuance  of  a  TCFA.  For 
the  western  North  Pacific,  the  false  alarm  rate  was 
twenty-six  percent  (a  ten  percent  Improvement  over 
last  year)  and  the  mean  lead  time  (to  Issuance  of 
first  warning)  was  twenty-five  hours.  For  the  North 
Indian  Ocean,  the  false  alarm  rate  was  57.0  percent; 
the  mean  lead  time  was  5.7  hours. 


2.  WESTERN  NORTH  PACIFIC 
TROPICAL  CYCLONES 

Several  factors  made  1986  an  unusual ,  and 
therefore  difficult,  tropical  cyclone  season  for 
JTWC.  There  were  only  four  classic  "straight 
runners"  (which  normally  have  the  lowest  forecast 
errors)  in  1986,  as  conpared  to  the  seven  of  1985. 
The  number  of  "recurvers"  was  the  same,  but  there 
were  three  more  tropical  cyclones  in  the  "other" 
cat^ory  in  1986  than  in  1985.  "Other"  tropical 
cyclones  are  those  vdKJse  tracks  do  not  easily  fit 
into  the  straight  runner  or  recurver  categories, 
i.e.,  the  erratic  systems.  The  tropical  cyclones  in 
this  last  category  were  the  most  difficult  to 
fca^ecast.  The  major  forecast  problems  arose  with 
those  tropical  cyclCMies  that  formed  in  the  active 
monsocn  trough  and  during  the  extremely  active  winter 
period.  For  discussion  purposes  the  tropical  cyclone 
year  is  divided  into  three  periods. 


JANUARY  THROUGH  AUGUST 

The  season  began  in  late  January  witti  Typhoon 
JiKly  (OIW),  a  "classic"  recurving  system  which  passed 
betweai  Guam  end  the  Ihillppine  Islands.  Although 
JTWC  did  a  good  job  forecasting  the  track, 
difficulties  with  the  speed  of  movement  caused 
forecast  errors  to  be  larger  than  average.  Typhoon 
Ken  (02W)  was  a  short-lived  tropical  C3rclone  whldi 
formed  southwest  of  Guam  and  dissipated  over  water. 
Siper  Typhoon  Lola  (03W)  developed  very  slowly  in  the 
vicinity  of  Pohnpei  in  the  Caroline  Islands.  The 
enhanced  southwest  monsoon  flow  associated  with 
Lola's  formation  was  significant,  as  indicated  by 
damaging  60  kt  31  (m/seo)  winds  which  were  reported 
on  Pohnpei.  At  the  same  time,  and  of  particular 
meteorological  interest,  was  the  development  of  a 
"twin"  tropical  cyclone,  Namu  (33P).  in  the  western 
South  Pacific.  This  situation  occurs  periodically  in 
the  Western  Pacific  and  Indian  Oceans  when  strong 
low-latitude  westerlies  enhance  the  development  of 
tropical  cyclones  in  both  hemispheres.  This  is 
usually  observed  durdlng  the  spring  and  fall 
transition  periods.  Tropical  Cyclone  Namu  (33P). 
incidentally,  was  the  most  Intense  tropical  cyclone 
to  stidJce  the  Solomon  Islands  this  century.  Tropical 
Storm  Mao  (04W)  developed  near  the  island  of  Hainan 
in  the  South  China  Sea  and  passed  between  Luzon  and 
Taiwan  at  the  end  of  May.  As  a  monsocn  d^>re3slon. 
it  struggled  against  strong  vertical  wind  shear  most 
of  its  life.  Typhoon  Nancy  (05W)  develc^^ed  in  June 
in  the  central  Philippine  Sea,  struck  the  east  coast 
Taiwan  and  recurved  into  the  Korea  Strait.  JTWC 
forecast  Nancy's  recurvature  track  quite  well  until 
near  the  end,  when  it  began  to  accelerate  toward  the 
northeast  and  central  convection  sheared  away. 
Trc^jical  Storm  Owen  (06W)  was  another  relatively  weak 
system  which  had  difficulty  developing  due  to  strong 
vertical  shear.  The  second  sup>er  typhoon  of  the 
year,  Peggy  (07W),  developed  east  of  Guam  and 
followed  a  west-northwest  track  into  northern  Luzon, 
where  93  deaths  resulted.  It  continued  onward  until 
it  made  a  second  lan^all  on  the  China  coast 
northeast  of  Hong  K<»ig.  Typhoon  Roger  (08W)  was 
another  one  of  the  several  early  season  recurving 
tropical  cyclones.  The  recurvature  near  the  island 
of  Okinawa  was  accurately  forecast  48-hours  in 
advance.  Tropical  Storm  Sarah  (09W)  was  the  first  of 
a  series  of  tropical  cyclones  which  caused  serious 
forecast  problems  for  JTWC.  Sarah  (09W)  developed  in 
an  active  monsoon  trou^  east  of  Luzon  and  appeared, 
from  satellite  imagery,  to  track  west-northwestward 
across  Luzon  into  the  South  China  Sea,  Post-analysis 
of  aircraft  reconnaissance  data,  however,  indicated 
that  the  low-level  center  never  made  landfall  on 
Luzon,  but  recurved  northeastward  instead.  Typhocm 
Tip  (low)  and  Typhoon  Georgette  (HE)  «Tgaged  in  a 
classic  binary  interaction  (Fujiwhara,  1921  and  1923; 
Brand,  1970;  Dong  and  Neumann,  1983)  northeast  of 
Guam  which  resulted  in  larger  than  average  forecast 
errors  for  both  systems.  Typhoon  Georgette  (HE), 
incidentally  had  one  of  the  longest  tracks  on  record. 
It  initially  develcqjed  in  the  eastern  North  Pacific, 
dissipated  as  a  significant  tropical  cyclone  in  the 
central  North  Pacific,  and  then  regenerated  from  the 
pre-existing  disturbance  in  the  western  North 
Pacific.  Typhoon  Vera  (HW)  caused  mor^  forecast 
problems  than  any  tropical  cyclone  in  1986.  It 
generated  in  the  active  monsoon  trou^  as  a  "classic" 
monsocn  depression  -  difficult  to  position  and 
forecast.  Typhoon  Wayne  (12W)  was  probably  the  most 
interestir^g  tropical  cyclone  in  1986.  During  its 
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exertional ly  long  life  (twenty  days),  it  struck 
Ujzon  (once)  and  Taiwan  (twice),  threatened  Hong  Kong 
(twice),  dissipated  and  reformed  (once),  before 
finally  dissipating  over  North  Vietnam  near  Hanoi. 
B4any  multiple-stonn  days  occurred  during  the  later 
part  of  this  first  period.  As  a  result, 
reconnaissance  (both  satellite  and  aircraft)  assets 
vere  working  overtime  to  keep  up  with  the 
requirements  for  the  latest  data. 

SEPTEMBER  THROUGH  OCTOBER 

The  tropics  quieted  down  somewhat  during  this 
second  period.  Typhoon  Abby  (13W)  developed  just  to 
the  southeast  of  Guam  and  moved  northwestward  before 
recurving  near  Taiwan.  Typhoon  Ben  (IW)  developed 
rapidly  southeast  of  Guam  and  drifted  northward 
before  recurving  through  a  break  in  the  subtropical 
ridge.  Typhoon  Carmen  {15W)  was  the  third  tropical 
cyclone  in  a  row  to  develop  southeast  of  Guam.  It 
followed  a  recurvature  track,  passing  north  of  Guam 
and  east  of  Japan.  The  forecast  statistics  for 
Carmen  (15W)  were  excellent. 

During  the  rest  of  October  and  into  early 
November,  the  major  tropical  cyclone  generation  area 
shifted,  for  the  most  pil;,  fran  southeast  of  (kiam  to 
the  Philippine  Islands.  Although  Tropical  Storm  Dcm 
(16W)  did  not  beccoe  a  "significant"  tropical  cyclcaie 
until  it  was  approaching  the  coast  of  Vietnam,  the 
Hepublic  of  the  Philippines  suffered  extensive 
f lending  when  Dom  (16»),  at  tropical  depression 
intensity,  {passed  by.  Typhoon  Ellen  (17W) 
intensified  east  of  the  central  Philippine  Islands 
and  passed  about  90  nm  (167  km)  south  of  Subio  Bay. 
Initially,  it  appeared  that  recurvature  toward  Taiwan 
would  take  place,  but  a  surge  in  the  low-level 
northeasterlies  from  the  China  mainland  resulted  in  a 
more  westerly  track  towards  the  island  of  Hainan. 
Further  to  the  east,  Typhoon  Forrest  (18W),  which 
attained  100  kt  (18^  m/sec)  intensity,  developed 
northeast  of  Guam  and  recurved.  Tropical  Storm 
Georgia  (19W)  spawned  just  east  of  the  central 
Philippine  Islands,  passed  south  of  Subic  Bay  and 
made  landfall  over  Vietnam  after  following  a  nearly 
straight  track. 

NOVEMBER  AND  DECEMBER 

The  combined  months  of  November  and  Decembe? 
1986  proved  to  be  one  of  the  most  active  winters  in 
WESTPAC  history  with  seven  tropical  cyclones 
(conpared  to  an  average  of  four).  The  three  typhexms 
in  Decenher  is  an  edl-time  rmoord.  Tropical  Storm 
Herbert  (20W)  developed  in  the  wake  of  Trc^ical  Storm 
Georgia  U9W)  and  followed  an  almost  Ideitlcal  track 


westward  across  the  South  China  Sea  with  landfall  on 
the  coast  of  central  Vietnam.  Tropical  Storm  Ida 
(21W)  was  hindered  by  the  frictional  effects  during 
its  passage  through  the  central  Philippine  Islands 
and  strong  vertical  wind  shear  over  the  South  China 
Sea.  Typhoon  Joe  (22W)  formed  east  of  Luzon  and 
recurved  to  the  northeast  without  making  landfall. 
Its  associated  convective  bands,  however,  produced 
significant  rainfall  over  the  northern  Luzon.  The 
tropical  cyclone  activity  thai  shifted  eastward. 
Super  Typnorai  Kim  (23W)  was  the  first  in  a  series  of 
four  difficult  late  season  tropical  cyclones.  It 
formed  to  the  southeast  of  Guam  and  initially 
followed  a  northwestward  track.  Althou^  Kim  (23W) 
appeared  to  change  to  a  recurvature  track  before 
reaching  Guam,  it  abruptly  turned  toward  the  west  and 
passed  15  rm  (28  km)  north  of  the  island  of  Saipan  in 
the  Marianas  at  near  siq>er  typhoon  intaisity,  causing 
extensive  damage.  Tropical  Storm  Lex  (2i|W)  developed 
in  the  waike  of  Kim  (23W)  but  was  unable  to  mature  due 
to  the  strong  iq)F)er-level  shear  caused  by  the  intense 
outflow  fran  Kim  (23W).  Typhoon  Marge  (25W)  also 
develc^ied  southeast  of  Guam,  but  very  slowly.  It 
turned  westward,  passed  south  of  Guam,  then  crossed 
the  central  Philippine  Islands  and  dissipated  in  the 
South  China  Sea.  Typhoon  Norris  (26W)  continued  the 
late  season  trend  by  developing  to  the  southeast  of 
Guam.  It  oscillated  about  a  westward  track  and 
crossed  the  central  Philippine  Islands  before 
dissipating  over  the  South  China  Sea. 

The  last  three  typhoons  of  the  year  -  Kim  (23W), 
Marge  (25W)  and  Norris  (26W)  were  similar  in  that 
they  followed  a  "step-like"  track.  It  appeared  that 
the  basic  steering  flow  south  of  the  subtropical 
ridge  axis  changed  the  tracks  from  a  westward  to  more 
northwestward,  as  mid-latitude  troughs  moved  off 
China.  Once  these  treu^^  had  passed  to  the  north, 
the  tracks  reverted  back  to  westward.  The 
mid-latitude  trougis  never  penetrated  fau*  enou0i  to 
the  south  to  break  througi  the  subtrt^ical  ridge  and 
allow  the  tropical  cyclones  to  recurve.  Later,  as 
the  tixpical  ^clones  approached  the  Philippine 
Islands,  southwestward  movement  was  observed  due  to 
surges  in  the  northeast  monsoon,  whidi  had  fully 
established  itself  across  the  Kiillppine  Islands  and 
South  China  Sea.  During  wintertime  synoptic  regimes, 
forecast  difficulties  were  also  ccoipounded  by  the 
instability  of  the  One-Way  Interactive  Tropical 
Cyclone  Model  (CTCM),  JTVIC's  primary  dynamic  forecast 
aid,  due  to  kinetic  energy  conversion  problems. 

Tables  3-1  throu^  3-6  provide  information  on 
the  monthly  and  annual  distribution  of  tropical 
cyclones,  warnings  and  tropical  cyclone  formation 
alerts. 
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TABLE 

Year  JAN 

WESTERN  NORTH  PACIFIC  TTOPICAL  CYCLONE  DISTRIBUTION 
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NOTE:  This  nev  coapllstion  of  1959  through  1956  data  was  done  after 
establishing  a  standard  for  the  tlaes  when  a  tropical  cyolone  existed  in  two 
separate  aonths.  The  criterion  used  follows: 

1 .  If  a  tropical  cyclone  was  first  warned  on  during  the  last  two  days 
of  a  particular  aonth  and  oontinued  over  Into  the  next  aonth  for  longer 
than  two  days,  then  that  systea  was  attributed  to  the  second  aonth. 

2.  If  a  tropical  cyclone  was  warned  on  prior  to  the  last  two  days  ct  a 
aonth,  it  was  attributed  to  the  first  aonth  -  no  aatter  how  long  the  systea 
lasted. 

3.  If  a  tropical  oyclone  began  on  the  last  day  of  the  acmth  and  ended 
on  the  first  day  of  the  next  aonth,  that  tropical  cyolone  was  attributed 
to  the  first  aonth.  However,  if  a  tropical  oyclone  began  m  the  last  day 
of  the  aonth  and  oontinued  into  the  next  aonth  for  two  days  only,  then  It 
was  attributed  to  the  aeoond  aonth. 
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XESTESN  HORTH  PACIFIC  SUMMARI 
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FORMATION  ALERTS:  27  Of  38  Formation  Alerta  developed  Into  al^nlfloant 
tropical  cyclones.  Tropical  Cyclone  Formation  Alerts  were  Issued 
for  all  of  the  significant  tropical  cyclones  that  developed  In  1986. 

HARKINGS: 

Number  of  calendar  warning  days:  163 

Number  of  calendar  warning  days 

with  two  tropical  cyclones;  32 

Number  of  calendar  warning  days 

with  three  tropical  cyolcnes:  4 
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TYPHCXW  JUDY  (OIW) 


Ohe  fonnation  of  I^phoon  Judy  marked  the  start 
of  the  western  North  Pacific  tropical  cyclones  for 
1986.  Judy  originated  near  two  degrees  North 
Latitude  in  the  near-equatorial  trough.  It  was  aided 
in  its  initial  development  by  brisk  northeasterly 
trade  flow  associated  with  a  shear  line  situated  to 
the  north  and  the  low  latitude  monsocmal  westerlies 
in  the  southern  hemisphere.  Judy  was  also  the 
season's  first  tropical  cyclone  to  enter  the 
mid-latitude  westerlies  and  recurve. 

During  most  of  January,  a  winter  weather  pattern 
dominated  the  tropical  western  North  Pacific  area. 
Convective  activity  was  confined  to  low  latitudes  on 
the  periphery  of  the  near-equatorial  trough  (NCT). 
In  the  last  week  of  January,  the  NET  extended  from 
the  southern  Philippines  east-southeast  to  the 
equator  420  nm  (778  km)  south-southeast  of  the  island 
of  Pohnpei. 

The  cloud  system  first  anpeared  late  on  25 
January  as  an  area  of  disorganized  convection  300  nm 
(556  km)  in  diameter.  With  unrestricted  tpper-level 
outflow  to  the  north  and  west,  the  convection 
persisted  througi  the  diurnal  minimum  period  (around 
0400Z)  on  the  26th  and  was  first  noted  on  the 
Significant  Tropical  Weather  Advisory  (ABPW  PCHW)  at 
260600Z. 

curing  the  next  three  days,  the  convection 
continued  a  gradual  increase  in  areal  extent,  but 


remained  poorly  organized.  Early  on  29  January,  an 
aircraft  reconnaissance  investigative  mission  flown 
into  the  disturbance  was  unable  to  locate  a  low-level 
circulation  center.  However,  the  Aerial 
Reoomaissance  Weather  Officer  (AIW)  estimated  a 
minimum  sea-level  pressure  (MSLP)  in  the  area  at  1001 
Bti.  Since  this  pressure  was  approximately  6  mb  below 
the  surrounding  environmental  MSLP  to  the  north  and 
the  disturbance  was  expected  to  track  westward  into 
an  uppei^level  environment  with  less  vertical  wind 
shear,  a  Tropical  Cyclone  Formation  Alert  (TCFA)  was 
issued  at  290630Z. 

A  second  investigative  mission  flown  early  on 
the  30th  also  failed  to  locate  a  definite  low-level 
circulation.  The  ARWD  estimated  maximum  surface 
winds  of  25  kt  (13  m/sec)  to  35  kt  (18  m/sec)  to  the 
north  in  the  easterly  flow.  Satellite  imagery  and 
synoptic  data  indicated  this  enhanced  flow  was  a 
result  of  a  shear  line  to  the  north  of  the  disturbed 
area.  Because  of  a  decrease  in  both  convection 
(diurnal)  and  low-level  inflow,  the  TCFA  for  the 
disturbance  was  cancelled  at  300600Z. 

Post  analysis  indicates  this  cancellation  was 
premature.  Satellite  imagery,  over  the  next 
forty-eight  hours,  detected  a  dramatic  increase  in 
convection  associated  with  this  slowly  .westward 
moving  disturbance.  Analysis  of  satellite  imagery 
(Figure  3-01-1)  pranjted  the  issuance  of  a  second 


Figure  3-01-1.  Judy  just  prior  to  issuance  of  second 
TCFA  (302349Z  January  DMSP  visual  imagery). 
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TCFA  at  3IOI3OZ.  IWenty-four  hours  later,  infrared 
satellite  imagery  indicated  a  i4>pei>-level  anticyclone 
was  developing  over  the  disturbance  and  (Dvorak) 
satellite  intensity  analysis  estimated  surface  winds 
of  30  kt  (15  m/sec).  This  prompted  the  initial 
warning  at  OlOOOOZ  on  Judy,  as  a  30  kt  (15  m/sec) 
tropical  depression.  Within  twenty-four  hours,  Judy 
was  upgraded  to  tropical  storm  intensity  based  on  the 
aircraft  reconnaissance  data. 

The  initial  forecasts  called  for  Judy  to  track 
west-northwestward.  Due  to  the  uncertainty  of  the 
position  of  the  ridge  axis  and  its  strength  over  the 
data  sparse  Philippine  Sea,  ^tOO  mb  synoptic  tracks 
were  flown  on  the  2nd  and  3rd  of  February  to  help 
define  the  mid-level  flow  north  of  Judy.  Data  from 
these  flights  confirmed  the  presence  of  the  east-west 
orientation  of  the  ridge  axis  and  indicated  a 
weakness  in  the  ridge  along  130  degrees  East 
Longitude  with  strong  westerly  mid-level  flow  north 
of  16  degrees  North  Latitude.  With  the  above 
information  and  mindful  of  a  similar  synoptic  pattern 
associated  with  Typhoon  Hope  in  December  1985.  JTVC 


altered  the  forecast  to  reflect  initial  northward 
movement  followed  ty  recurvature  toward  the 
northeast.  As  with  Typhoon  Hope  (1985),  Judy  was 
expected  to  undergo  a  rapid  extratropical  transition 
with  a  dreistic  decrease  in  intensity  and  no 
significant  eastward  movement.  The  dynamic  forecast 
guidance  proved  of  no  assistance  in  this  regard 
apparently  due  to  the  strongly  sheared/baroclinic 
environment. 

Judy  slowed  slightly  as  it  approached  the  ridge 
near  131  degrees  East  Longitude  early  on  3  February. 
Continuing  to  intensify,  the  system  tracked  north 
briefly  before  turning  northeast.  Judy  reached  its 
maximum  intensity  of  85  kt  (^^J  m/s)  with  a  MSLP  of 
974  mb  at  05OOOOZ  (see  Figure  3-01-2).  As  it 
reached  maximum  intensity,  Judy  also  came  under  the 
influence  of  strong  mid-latitude  westerlies.  By 
O6OOOOZ,  Judy's  convection  had  bean  sheared  away  and 
extratropical  transition  was  conplete.  The  nearly 
convective  free  low-level  circulation  drifted  slowly 
east-northeast  and  dissipated.  No  deaths,  injuries 
or  property  damage  were  attributed  to  Typhoon  Judy. 


Figure  3-01-2.  Typhoon  Judy  near  maximum  intensity 
(0SQ12OZ  February  DMSP  visual  imagery). 
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KPHOON  KEN  C02W) 


Tyr*ioon  Ken,  the  second  tropical  cyclone  of 
1986,  was  also  the  first  tropical  cyclone  to  develop 
in  the  western  North  Pacific  in  April  during  the  past 
five  years.  After  the  formation  of  Ken,  two  tropical 
systems  quickly  followed  in  May. 

IXjring  late  /^piril,  the  near-equatordal  trougji 
was  quite  active .  with  enhanced  convective  activity 
from  the  southern  Philippine  Islands  to  the  region 
south  of  Truk  near  the  equator.  Ehisedded  within  this 
trou^  was  the  tropical  disturbance  that  eventually 
intensified  into  l^hoon  Ken.  At  200600Z,  it  was 
mentioned  cxi  the  Significant  Tropical  Weather 
Advisory  (ABPW  PGTW)  for  the  first  time.  No  surface 
circulation  was  present,  only  convergent  flow  at  the 
low  levels.  Synoptic  data  on  '21  l^jril  indicated  a 
weak  surface  circulation  5*(0  nm  (1000  km)  south  of 
Guam.  The  associated  convection  increased  in  amount 
and  organization  throu^  the  23rd.  Analysis  of 
satellite  Imagery  showed  continued  development  and 
winds  were  estimated  at  20  kt  (10  m/sec).  As  a 
result,  JTWC  issued  a  Tropical  Cyclone  Formaticn 
Alert  (TCFA)  at  240730Z. 


The  first  aircraft  reconnaissance  investigative 
mission  was  c<xiducted  the  following  day.  It  located 
a  ireak  circulation  center  at  5000  ft  (152M  m)  250  nm 
(J|63  km)  southeast  of  Yap.  Elstimated  surface  winds 
were  10  to  25  kt  (5  to  13  m/sec).  These  data,  plus 
satellite  imagery,  proopted  JTWC  to  reissue  the  TCFA 
at  250730Z. 

A  second  aircraft  reconnaissance  investigative 
mission  was  conducted  on  the  morning  of  the  26th  and 
was  agEiin  unable  to  locate  a  surface  circulation. 
Instead,  a  broad  area  of  troughing  was  observed  at 
the  surface  with  the  maximum  low-level  winds  of  25  to 
30  kt  (13  to  15  m/sec)  within  the  convecticxi  bandir^ 
in  the  northeast  quadrant  of  the  disturbance. 
Satellite  data  indicated  the  upper-level  circulation 
center  existed  90  nm  (167  km)  to  the  east-southeast 
of  Yap  (Figure  3-02-1).  Based  on  that  information, 
the  third  TCFA  was  issued  at  260730Z. 

The  first  warning  on  Ken  was  issued  at  261900Z 
after  satellite  Imagery  showed  a  significant  increase 
in  the  central  convection  and  the  develqpment  of  a 
conna-shaped  cloud  pattern.  Surface  winds  were 


Figure  3-02-1.  Typhoon  Ken  at  the  time  the  third 
TCFA  was  issued.  The  aircrtrft  reconnaissance 
investigative  mission  into  the  disturbance  two  hours 
earlier  was  unable  to  find  a  surface  circulation  (260500Z 
April  NOAA  visual  imagery). 
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estimated  at  35  kt  (18  m/sec).  Kai  reached  typhoon 
intensity  on  the  27th.  Aircraft  reconnaissance 
penetration  of  the  system  revealed  a  compact  surface 
circulation,  a  minimim  sea-level  pressure  (HSLP)  of 
980  mb,  and  an  elliptical  eye  (ortented  eastHdest). 
Peripheral  aircraft  data  showed  the  stronger  surface 
winds  of  30  to  50  kt  (15  to  26  m/sec)  in  the  northern 
semicircle  in  contrast  to  15  to  20  kt  (8  to  10  m/sec) 
in  the  southern  sanicircle.  Hiis  resulted  from  the 
higher  pr^sure  gradient  betweei  Ken’s  low  pressure 
center  and  the  subtropical  ridge.  As  gradual 
int«isifioation  took  place,  the  forecast  track  for 
Ken  became  more  northerly  based  on  the  expected 
influaioe  of  the  mid-latitude  trough  cxi  the  mid-level 
subtropical  ridge  and  the  general  tendency  or 
intensifying  tropical  cyclones  to  n»ve  into  higher 
latitudes.  By  281800Z,  after  the  trou^  passed 
eastward  frcm  Japan,  the  subtropical  ridge 
reintensified  across  the  northern  Philippine  Sea, 
forcing  Ken  to  move  westward. 

Ken's  intensity  peaked  at  90  kt  (1(6  m/sec)  on 
the  28th.  Satellite  imagery  showed  the  system 
ranained  ccmpact  with  a  slight  east-west  elongation 
of  the  central  dense  overcast  and  an  eye  Which  was 
obscured  by  hi^  cirrus.  On  the  29th,  Ken  began  to 


weaken  significantly.  Aircraft  reconnaissance 
reports  indicated  that  the  700  mb  center  was 
displaced  20  nm  (37  km)  northeast  of  the  surface 
center  due  to  increased  shearing  flow  aloft  from  the 
southwest.  Throu^iout  the  next  day,  both  aircraft 
and  satellite  reconnaissance  found  an  exposed 
low-level  circulation  center.  Since  the  ipper-level 
circulation  center  was  now  displaced  170  nm  (315  km) 
to  the  northeast  of  the  low-level  circulation  (Figure 
3-02-2),  the  last  warning,  valid  at  0300Z  on  the 
first  of  May,  was  issued.  Stripped  of  its  de^ 
central  convection,  the  residual  low-level  cyclonic 
vorticity  drifted  westward  and  dissipated  over  water 
by  the  3rd. 

No  reports  of  damage  or  injuries  were  attributed 
to  Ken.  Of  interest,  Ken's  proximity  to  Guam  and 
slow  movanent  caused  official  concern  because  of  the 
scheduled  refueling  stop  of  Air  Force  One  at  Andersen 
AEB.  Once  the  tropical  cyclone's  track  Changed  to 
west  late  on  28  April,  serious  worries  were  removed. 
In  sumnary,  forecasting  direction  changes  for  slow 
moving  tropical  cyclones  is  usually  difficult  -  Ken 
was  no  exception.  JBrfC's  ability  to  correctly 
forecast  slow  movement  along  the  track  resulted  in  a 
good  product  and  excellent  statistics. 


Figure  3-02-2.  Typhoon  Ken  during  its  final  stage. 
Note  the  large  ( 170  nm  (315  km))  displacement  between 
the  exposed  low-level  circulation  and  the  upper-level 
circulation  (302133Z^rilDMSP  visual  imagery). 
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NOCC  Qm  3142/20 


SUPER  TmiOCN  LCLA  {O3W) 


Super  Typhoon  Lola  was  the  first  of  three  super  of  the  fury  of  Nanu.  Proin  a  historical  perspective, 

typhoons  (tropical  cyclones  with  I30  kt  (67  m/sec)  or  Lola  was  of  particular  interest  to  residents  of  Guam 

greater  Intensity)  to  occur  during  1986.  Lola’s  since  its  appearance  coincided  with  the  ten  year 

appeai^ance  coincided  with  a  very  destructive  tropical  anniversary  of  Super  Typhoon  Pamela's  devastating 

cyclone  in  the  southern  hemisphere.  Tropical  Cyclone  visit  to  the  island  on  Kay  21,  1976.  Super  Typixion 

33P  (Nainu)  (see  Figure  3-03-1)  •  Namu,  an  unusual  Panela  (1976)  destroyed  40  percent  of  the  ho^  on 

"twin"  cyclone  with  Lola,  was  the  worst  tropical  Guam  and  caused  extensive  damage  with  torrential 

cyclone  to  strike  the  Solomon  Islands  this  century.  rains  and  maxirami  sustedned  winds  of  120  kt  (63 

Over  90,000  people  were  left  homeless  on  the  island  m/sec)  and  gusts  to  145  kt  (70  m/sec). 

of  Guadalcanal  and  nearly  100  people  died  as  a  result 


Figure  3-03-1.  Super  Typhoon  Lola  and  Tropical 
Cyclone  33P  (Namu).  TlUs  is  an  unusual  case  of ‘twin” 
tropical  cyclones  occurring  in  opposite  hemispheres 
(1^3492  May  DMSP  visual  imagery). 
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Lola  began  as  a  tropical  disturbance  in  a  very 
active  monsoon  trough  extending  from  south  of  Guam 
eastward  to  the  Marshall  Islands.  This  area  of 
disturbed  weather  was  enhanced  by  two  opposing  wind 
flows  -  cross-equatorial  winds  provided  strong 
southwesterly  flew  and  the  tradewinds  provided 
northeasterly  flow.  For  several  days  prior  to  Lola's 
inception,  destructive  winds  and  torrential  rains 
battered  the  Caroline  Islands.  The  island  atoll  of 
Nukuoro  285  nm  (528  km)  southeast  of  Truk,  for 


example,  experienced  damage  fran  winds  of  40  kt  (21 
m/sec)  with  gusts  to  60  kt  (31  m/sec)  on  14  May 
associated  with  severe  thunderstorms. 

At  that  time  Lola  was  Just  a  tropical 
disturbance  50  nm  (93  km)  northwest  of  Truk  and 
received  mention  on  the  Significant  Tropical  Weather 
Advisory  (ABPW  PGfTW)  because  of  its  persistent 
cloudiness.  Within  24-hours,  sea-level  pressures 
dropped  througiout  the  monsoon  trou^  as  Lola 
increased  in  organization  (see  Figure  3-03-2).  These 


Figure  3-03-2.  Lola  showing  increased  organization  at 
low  latitudes  (152330Z  May  DMSP  visual  imagery). 
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events  prcnpted  the  issuance  of  a  Tropical  Cyclone  aerial  reconnaissance  investigative  mission  later 
Formation  Alert  (TCFA)  valid  at  152330Z.  Aircraft  that  day  discovered  winds  of  itO  kt  (21  m/sec)  at  the 
reconnaissance  scheduled  to  investigate  the  surface  and  an  estimated  minimum  sea-level  pressure 
disturbance  at  that  time  turned  back  to  Guam  due  to  (MSLP)  of  981  mb.  Lola  was  subsequently  upgraded  to 
the  loss  of  hydraulic  fluid.  A  second  TCFA  was  a  ti?opical  storm  with  the  second  warning,  valid  at 
issued  at  16153OZ  when  Lola  moved  outside  of  the  I706OOZ.  Due  to  its  proximity  to  Pohnpei,  Lola 
alert  area.  The  first  warning  on  Tropical  Depression  caused  extensive  damage  to  the  island;  mostly  due  to 
03W  followed  at  I7000OZ  based  on  analysis  of  flooding  and  high  winds.  Authorities  there  claimed 
satellite  imagery  (Figure  3-03-3)  and  synoptic  data  it  was  the  worst  battering  Pohnpei  had  suffered  in 
that  clearly  Indicated  a  closed  circulation.  An  the  past  28  years  since  Typhoon  Ophelia  (1958). 


Figure  3-03-3.  Lola  a  day  later  showing  more 
convective  activity  and  curvature  (162309Z  May  DMSP 
visual  imagery). 
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By  early  morning  an  the  I8th,  Lola  was  already 
at  t^hoon  intensity  (see  Figure  S-OS-*!).  Initial 
interpretation  of  data  fron  the  second  synoptic  track 
mission  flown  along  18  degrees  North  Latitude 
determined  there  were  no  obvious  breaks  in  the  ridge 
north  of  Lola  (Figure  3-03-5 )f  thus  the  forecast  took 
Lola  northward  initially,  and  then  westward  under  the 
ridge.  (Open  closer  inspection  of  the  500  mb  data, 
there  is  cyclonic  turning  at  the  western  portion  of 
the  track.  This  inplies  a  weakness  in  the 
subtropical  ridge  slightly  north  of  the  track  and 
near  150  degrees  East  Longitude.)  By  late  afternoon, 
Lola’s  intensity  had  inci'eased  to  75  kt  (^tO  m/sec) 


and  an  eye  became  cleau-ly  visible  oti  satellite 
imagery.  A  third  sync^tic  track,  flown  the  next  day 
(19  May),  again  along  18  degrees  North  Latitude, 
still  did  not  find  any  breaks  in  the  subtropical 
ridge  and  the  forecast  appeared  to  be  right  on  track. 
However,  Lola  was  only  two  days  away  and  all  of  Guam 
worried  that  this  might  be  a  repeat  of  Super  Typhoon 
Pamela  (1976).  JTWC's  warning  on  the  morning  of  the 
19th  indicated  Lola  would  become  a  super  typhoon  (see 
Figure  3-03-6).  A  three  fix  mission  was  flown  into 
Typhoon  Lola  that  morning  to  determine  the  rate  at 
vfliich  it  was  intensifying.  The  results  confirmed  the 
worst  -  explosive  de^Jening. 


Figure  3-03-4.  Lola  on  the  third  day  reached  typhoon 
intensity  (172249Z  May  DMSP  visual  imagery). 
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Figure  3-03-5.  Data  from  the  second  synoptic  track 
(172300Z  through  180700Z)  shows  no  otivious  break  in 
the  subtropical  ridge.  (Upon  closer  inspection  the 
streamlines  imply  a  neutral  point  in  the  flow  slightly 
north  of  the  track  and  along  150  degrees  East 
Longitude.) 


Figure  3-03-6.  Lola  near  maximum  intensity  of  150  kt 
(77  m/sec)  (190414Z  May  NOAA  visual  imagery). 
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I/)la  becane  a  super  typhoon  at  130  kt  (67  m/seo) 
and  was  forecast  to  intensify  even  more  as  it  neared 
Guam.  A  fourth  synoptic  track  mission  was  sent  out 
on  20  May  to  locate  any  weakness  in  the  subtropical 
ridge.  The  data  showed  the  ridge  at  400  nti  displaced 
south  and  west  across  the  path  of  Lola  with  a  strong 
zone  of  mid-level  divergence  stretching  from  Guam 


throu0i  the  northern  Marianas  (Figure  3-03-7).  The 
forecast  iSiilosophy  changed  to  a  recurvature  track 
rather  than  keeping  the  track  toward  the 
west-ncrthwest.  The  intaisity  estimates  indicated 
Lola  had  peaked  at  1918002  at  150  kt  (77  m/sec)  and 
was  now  decreasing  (see  Figure  3-03-8).  Aircraft 
reconnaissance  that  night  (20  May)  confirmed  this 
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Figure  3-03-7.  Data  from  the  fourth  synoptic  track 
(192200Z  through  200400Z  May)  shows  the  mid-level 
ridging  displaced  south  and  west  across  Guam. 
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Figure  3-03-8.  Lola  shortiye^riz  peaked  ca  150  kt  (77 
m/sec)  (192350Z  May  DMSP  visual  imagery). 


33 


fact  as  the  700  mb  heights  also  increased 
dramatically.  Figures  3-03-9  and  3-03-10  Show  Lola 
weakening  and  beccming  extratropioal .  Extratropical 
transition  was  coopleted  on  23  May. 

In  retrospect,  the  early  forecasts  followed  the 
Nested  Tropical  Cyclone  Model  (NTCM)  too  lor«  during 
Lola’s  developnent  and  took  the  system  toward  the 
Marianas.  Fortunately,  JTWC  made  the  right  decisioi 


later  to  follow  the  One-way  Interactive  Tropical 
Cyclone  Model  (OTCM)  and  curved  Lola  toward  the 
northeast  before  any  major  efforts  had  to  be  made  to 
sortie  ships  and  evacuate  aircraft  from  the  military 
bases  on  Guam  (closest  point  of  approach  to  Guam  was 
*i05  nm  (750  km)  to  the  northeast).  However,  the 
statistical  damage  had  already  been  done  and  the 
overall  forecast  performance  was  only  fair. 


Figure  3-03-9.  Lola  decreasing  in  intensity  (202329Z 
May  DMSP  visual  imagery). 
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Figure  3-03-10.  Lola  transitioning  to  an  extratropical 
system  (212309Z  May  DMSP  visu^  imagery). 
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•IRCfflCAL  STORM  MAC  (OW) 


Mac,  from  Inception,  >ias  a  "classic"  monsoon 
depression  -  slof  to  develop,  difficult  to  position 
and  forecast.  As  Super  lyptioon  Lola  (03W)  %(as 
developing  east  of  Guam,  the  precursor  of  Mac  spavined 
In  the  monsoon  trouj^  in  the  South  China  Sea. 

On  May  20th,  the  Significant  Tropical  Weather 
Advisory  (ABFW  PCW)  mentioned  a  poorly  defined  area 
of  convection  in  the  monsoon  trou^,  which  was 
located  over  water  and  paralleled  the  southern  coast 


of  mainland  China.  Estimated  maximum  sustained 
surface  winds  of  20  kt  (10  m/sec)  and  a  minimum 
sea-level  pressure  (MSLP)  of  998  mb  were  present. 
After  several  false  starts,  the  organizing  convection 
separated  from  the  maximum  cloudiness  zone  and  a 
Tropical  Cyclone  Foimation  Alert  was  issued  for  the 
disturbance,  at  230toOZ,  as  it  passed  south  of  Hong 
Kong.  The  first  warning  was  issued  on  Tropical  Storm 
Mac  (Figure  3-04-1)  at  250000Z  as  development 


Figure  3-04-1.  Tropical  Depression  04W  just  an  hour 
and  a  half  efter  the  first  warmng  was  issued  (2501 3 IZ 
May  DMSP  visual  imagery). 
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continued.  Mac  moved  south  of  Taiwan  and  Changed  d^iression  on  the  28th. 

course  toward  the  northwiortheast  as  its  intensity  By  May  29th,  Mac’s  low-level  circulation  center 
peaked  at  U5  kt  (23  m/sec).  At  270900Z,  Mac  appeared  was  partially  exposed  (Figure  3-<W-2).  Ihe  last 
to  become  almost  quasi-stationary.  However,  warning  was  issued  at  291200Z  as  Mac  b^an 
acceleration  and  an  eastward  movement  oonmenced  by  dissipating  over  water  and  redevelopment  appeared 
280600Z.  Mac  also  weakened  due  to  increased  vertical  less  likely  due  to  the  persistent  strong  vertical 
shear  and  was,  as  a  result,  downgraded  to  a  tropical  wind  shear. 


Figure  3-04-2.  Mac's  partially  exposed  low-level 
circulation  center  as  seen  six  hours  before  the  last 
warning  was  issued  (290550Z  May  NOAA  visual 
imagery). 
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HOCC  6IWI  U43/20 


TXPHDON  NANOC  (05W) 


For  the  first  five  months  of  1986,  the  western 
North  Pacific  averaged  less  than  cne  tropical  cyclaie 
per  month.  Nancy  was  the  fifth  tropical  oyclcme  in 
the  western  North  Pacific,  but  the  first  of  the  tftiat 
is  generally  considered  the  sunner  typhoon  season. 
After  Typhoon  Nancy,  the  sunnier  season  was  in  full 
swing. 

Hie  Significant  Tropical  Weather  Advisory  (ABPW 
PGTW)  on  170600Z  June  mentioned  an  area  of  broad, 
disorganized  convection  vrtiich  was  developing  120  nm 
(222  km)  southeast  of  Pohnpei.  This  area  moved 
rapidly  westward  for  the  next  two  days,  then  slowed 
and  b^an  to  consolidate,  ^y  191200Z,  an  established 
cirrus  outflow  pattern,  restricted  to  the  northwest 
by  an  upper-level  cold  low  5^0  nn  (1000  km)  northwest 
of  Guam,  was  detected  on  satellite  imagery.  Initial 
Dvcrak  Intensity  analysis  of  the  cloud  pattern 
estimated  surface  winds  of  less  than  25  kt  (13 
m/sec).  At  210330Z,  a  Tropical  Cyclone  Formaticn 
Alert  (TCPA)  was  issued  for  the  area.  Within  hours 
the  convective  curvature  laproved  and  the  2116002 


Dvorak  intensity  estimte  indicated  winds  of  30  kt 
(15  m/sec).  Based  on  these  data,  the  first  warning 
for  Tropical  Depression  05W  was  issued  at  211800Z. 

Aircraft  reconnaissance  into  Tropical  Depression 
05W  at  220001Z  resorted  maximum  surface  winds  of  60 
kt  (31  m/sec)  displaced  21  nm  (39  km)  east-southeast 
of  the  center  of  the  system.  Aircraft  reconnaissance 
adso  observed  a  developing  eyewall  that  was  open  on 
the  west  through  north  quadrants.  As  a  result,  the 
220000Z  warning  upgraded  Tropical  Depression  0^  to 
Tropical  Storm  Nancy.  Less  than  24-hours  after  the 
ipgrading  to  trepical  storm  intensity,  Nancy  was 
upgraded  to  typhoon  Intaisity.  In  retrospect, 
analyses  of  aircraft  recamaissanoe  data  and 
intensity  trends  indicate  that  tropical  storm 
inteisity  was  most  probably  attained  at  211500Z,  not 
220000Z. 

Throughout  this  period  of  development,  Nancy 
(Figure  3-05-1)  inoved  toward  the  northwest  under  the 
steering  influence  of  the  subtropical  ridge  to  the 
north.  Nearing  the  subtropical  rtdge  axis  on  23 


Figure  3-05-1.  Typhoon  Nancy  approaching  the  island 
of  Taiwan.  The  mountainous  spine  of  the  island  is 
visible  to  the  north  of  the  tropical  cyclone  (222115Z  June 
DMSP  visual  imagery). 
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June,  the  trc^ioal  cyclone  assumed  a  more  northerly 
course.  For  the  next  2i|-hours  aircraft 
reconnaissance  data  was  unavailable  due  to  the  close 
proximity  of  land  and  airspace  restrictions.  Radar 
(Figure  3-05-2)  and  satellite  (Figure  3-05-3)  reports 
were  particularly  valuable  during  this  time.  These 
two  figures,  \irtilch  were  taken  within  cne  half  hour  of 
each  other,  provide  strikingly  different  remotely 
sensed  presentations  of  the  eye.  The  radar  detects 
the  encircling  rainbands,  that  are  enbedded  in  the 
clouds,  and  satellite  sees  the  cold  top  of  the 
central  dense  overcast  as  concentric  patterns  of  gray 
shade.  Just  prior  to  making  contact  with  the  island 


of  Taiwan,  Nancy’s  intensity  peaked  at  80  kt  (41 
m/sec).  The  maximum  surface  wind  reported  from 
Taiwan  was  63  kt  (32  m/seo). 

Continuing  to  move  northward  across  the  East 
China  Sea,  Nancy  began  interacting  with  a  trough  in 
the  polar  westerlies.  The  Shape  of  the  tropical 
cyclone  became  elongated  as  the  low-level  circulation 
center  separated  from  the  vppei^level  and  the  central 
convection  decreased.  At  that  time,  T^jAioon  Nancy 
was  downgraded  to  a  tropical  storm. 

Later,  aircraft  reconnaissance  at  242141Z  was 
unable  to  locate  a  low-level  circulation  center  due 
to  airspace  restrictions:  however  the  peripheral  data 


Figure  3-05-2.  The  eye  of  Typhoon  Nancy  as  seen  by 
radar  from  Hualien,  Taiwan  (WMO  46699}  ax  23I400Z\ 
June  (Phowgraph  courtesy  of  Central  Weather  Bureau, 
Taipei,  Taiwan). 
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proved  most  valuable  and  Indicated  the  low-level 
center  was  displaced  at  least  60  nm  (111  km) 
northwest  of  the  241800Z  warning  position.  This 
warning  position  had  been  extrapolated  fros  the 
previous  warning.  Iftifortunately,  the  241200Z  warning 
was  based  on  a  1cm  confidence  nl^tlme  position  from 
infrared  satellite  imagery  that  was  suspect,  since 
Nancy  was  undergoing  extratrcqjlcal  transition.  Ute 
emended  241800Z  warning,  i^lch  followed  inmedlately 
anl  was  based  on  alroraft  reconnaissance  data, 
correctly  forecast  Nancy's  movement  through  the 
Korea  Straits  instead  of  over  the  Island  of  Kyushu, 
Japan.  Ety  that  time  Increased  vertical  wind  ^lear 


and  entrained  cooler,  drier  air  had  taken  their  toll 
on  the  tropical  cyclone.  Nancy  continued  to  mcve 
rapidly  northeastward  throu^  the  Korea  Strait  and 
maintained  the  strongest  low-level  winds  In  the 
southeast  semicircle.  Southern  Korea  received 
torrential  rains,  idilch  inundated  22,477  acres  (9100 
hectares)  of  farmland.  Twelve  people  were  reported 
dead  or  missing,  as  a  result  of  the  flooding. 

Satellite  analysis  early  on  25  June  indicated 
extratr(H>lcal  transition  had  occurred  in  the  Sea  of 
Japan.  The  system  was  flnalled  on  the  230600Z 
warning  as  the  residual  low  pressure  area  sw^t 
eastward  across  northern  Honshu  12-hour3  later. 


Figure  3-05-3.  SpeciaUy  enhanced  infrared  image  of 
T^hoon  Nmicy’s  eye.  The  gray  shading,  v/hich  is  used 
in  conjunction  with  the  Dvorak  enhanced  infrared 
techiique,  can  provide  an  estimate  of  the  intensiot  of  die 
tropical  cyclone  (231428Z  June  DMSP  i^ared 
imagery). 
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IHOPICAL  STORM  OWEN  {06W) 


Figure  3-06-1.  Tropical  Storm  Owen  had  a  long  history  as  a  disturbance.  It  was  first  noted  as  a 
suspect  area  on  the  Significant  Tropical  Weather  Advisory  {ABPW  PGTW)  at  0600Z  on  the  21st  of 
June.  As  the  system  became  more  organized,  its  intensity  increased.  This  prompted  the  issuance 
of  a  Tropical  Cyclone  Formation  Alert  at271800Z  when  it  was  west  of  Guam  in  the  Philippine 
Sea.  Based  on  aircrtft  reconnaissance  reports  (272325Z}  of  30  kt  (IS  tnisec)  maximum  sustained 
winds  and  a  minimum  sea-level  pressure  of  1001  mb,  JTWC  began  warning  on  the  system  at 
280000Z.  On  the  29th,  Owen  reached  its  maximum  intensity  of  50  kt  (26  mtsec).  As  Owen 
moved  northwestward  around  the  periphery  of  the  subtropical  ridge,  it  came  into  an  area  of 
increased  vertical  shear.  This  resulted  in  the  deep  convection  becoming  displaced  toward  the 
west-southwest.  By  the  2nd  of  July,  it  had  lost  its  tropical  characteristics  and  dissipated  over 
water.  The  imagery  shows  Owen's  exposed  low-level  circulation  center  during  the  system's 
weakening  phase  (300I08Z  June  DMSP  visual  irtut^ery). 
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SOPER  TYPHOON  PEGGY  (07W) 


Peggy  was  the  second  svper  typhoon  of  the  1966 
WESTPAC  season.  With  the  help  of  the  Theta-E 
intensity  forecast  technique.  Intensity  errors  were 
kept  to  a  minimum.  In  contrast ,  forecast  track 
problems  arose  due  to  erroneous  guidance  fron  the 
One-way  Interactive  Tropical  Cyclone  Model  (OTCM) 
tiftiioh  had  a  consistent  northward  bias  at  72-hour3. 

During  the  latter  part  of  June,  the  low-level, 
low-latitude  tropical  easterlies  between  the  eastern 
Caroline  Islands  and  the  International  Dateline  were 
weaker  than  normal.  In  this  area  between  the  equator 
and  10  North  Latitude,  the  light  and  variable  winds, 
in  conjunction  with  the  tropical  easterlies  to  the 
north,  formed  a  vortex  600  nm  (1111  km)  east  of 
Kwajaleln  Atoll  in  the  Marshall  Islands.  It  was 
first  mentioned  on  the  270600Z  June  Significant 
Uropical  Weather  Advisory  (ABPW  PGfW)  after  satellite 
imagery  showed  persistent  convection  had  developed. 
Ihe  circulation  moved  west-northwestward  for  six  days 
before  reaching  tropical  storm  Intaisity  (35  kt  (18 
m/sec))  350  nm  (6J<8  km)  east  of  Guam.  Throughout 
this  period  the  cloud  signature  caused  heightened 


concern  for  Guam,  however  aircraft  reconnaissance 
flights  did  not  locate  any  sipporting  strong  winds. 
At  030000Z  July,  JTWC  issued  its  first  warning  on 
Trcpical  D^ression  07W  based  oi  maximum  winds  of  25 
kt  (13  m/see)  from  synoptic  reports  and  the  potential 
for  intensification  near  Guam.  Twelve  hours  later 
Peggy  was  upgraded  to  a  tropical  storm,  when  aircraft 
reconnaissance  found  a  band  of  35  kt  (18  m/sec) 
surface  winds  displaced  20-40  nm  (37-74  km)  northwest 
of  the  vortex  center. 

Continuing  to  move  west-northwestward,  Peggy 
passed  58  nm  (107  km)  north  of  Ckiam  at  040700Z.  Peak 
winds  experienced  ai  Guam  were  28  kt  (14  m/sec)  with 
gusts  to  48  kt  (25  m/sec).  There  was  limited  damage 
to  Guam,  restricted  primarily  to  power  poles  and 
crops.  The  islands  of  Rota,  Tinian  and  Saipan 
exp^enced  more  extensive  dai^e  -  primarily  to 
crops. 

During  the  period  042352Z  to  062040Z,  Peggy’s 
mean  sea-level  pressure  (MSLP)  drc^jped  from  973  mb  to 
900  mb  -  a  decrease  of  73  mb.  This  corresponds  to  a 
dn^  of  approximately  1.6  mb/hour  which  is  classified 


Figure  3-07-1.  Plot  of  Peggy's  central  minimum 
sea-level  pressure  and  the  Theta-E  line  with  the 
intersection  at  050800Z.  Rapid  deepening  occurred  with 
a  1.6  mb/hour  drop  in  central  pressure  from  973  mb  to 
900mb. 
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•VPER  TYPHOON  PEQQY  (07W)  INTENEITV 
OIPPERENCE8  FOR  THE 
14  HOim  FORECAET  INTENElTIBt 
JULY  USE 


14  HOUR  FORICAIT  IHTSRIITT 


OF  TNC  CROSIIME  OF  TNI  MtLF 


Figure  3-07-2.  A  graph  of  the  difference  between  the 
actual  best  track  intensities  and  the  24 -hour  forecast 
intensities  before  and  after  JTWC  knew  the  sea-level 
pressure  and  Theta-E  line  intersected  (r^erence  Figure 
3-07-1). 


as  rapid  deepening  (Holliday  and  Ihompson,  1979). 
The  rate  of  deepening  does  not  meet  the  2.5  mb/hour 
critffl'ion  used  to  define  explosive  deepening.  As 
maitioned  earlier,  JIWC  was  able  to  significantly 
decrease  forecast  intensity  errors,  with  the  guidance 
provided  by  Tbeta-E  intaisity  forecast  technique 
(Dunnavan,  1981).  The  technique  uses  equivalent 
potential  temperature  (Theta-E),  calculated  from 
aircraft  recon  700  nib  tenperature  and  dew  point 
reports,  as  a  measure  of  the  tropical  cyclone's 
thermodynamic  energy.  When  the  plots  of  Theta-E  and 
MSLJ“  intersect  near  the  critical  values  of  950  mb  and 
360  degrees  Kelvin,  central  pressure  can  be  expected 
to  drop  to  below  925  mb.  Figure  3-07-1  shows  the 
plot  of  Peggy's  Theta-E  and  MSLP  values  during  the 
period  042050Z  to  O8O856Z.  The  intersection  point  is 
at  O508OOZ.  The  graph  of  the  24-hour  forecast 
intensity  (Figure  3-07-2)  demcmstrates  the  difference 
before  and  after  the  knowledge  of  the  Theta-E 
crossing.  The  average  24-hour  forecast  intensity 
error  before  O5O6OOZ  (the  first  foreknowledge  of 
increased  potential  for  explosive  or  rapid  deepening) 
was  16  kt  (8  m/sec).  The  average  24-hour  forecast 
intensity  error  after  050600Z  wcis  5  kt  (3  m/sec). 
With  regard  to  48^iour  forecast  intensities,  only  one 
warning  benefited  because  two  days  after  O5O6OOZ, 
Super  Typhoon  Peggy's  intensity  pe^ed  at  140  kt  (72 
m/sec). 

Figure  3-07-3  shows  Super  Typhoon  Peggy  at  its 
maximim  intaislty.  P^gy  remained  on  the 
west-northwestward  track  and  slanmed  into  northern 
Luzon  at  082200Z  with  95  kt  (49  m/sec)  surface  winds. 
Newspaper  accounts  of  Peggy's  fury  reported 
ninety-three  people  died,  I6  were  missing,  over 
116.000  families  were  homeless,  and  damage  was 
estimated  at  2,5  million  dollars.  Most  of  this 
damage,  primarily  to  crops  and  villages,  was  the 
result  of  torrential  rain.  Also,  two  pec^le  lost 
their  lives  in  southern  Taiwan. 


Figure  3-07-3.  Super  Typhoon  Peggy  at  maximum 
intensity  of  140  kt  (72  misec)  (062120Z  July  DMSP 
visual  imagery  courtesy  of  H  and  HS  Weather,  MCAS 
Futenma). 
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72-hours  for  each  twelve  hour  period.  Note  the 
continuous  northward  bias from  the  loci  of  initial  points. 


Figure  3-07-5.  The  400  mb  Numerical  Variational 
Analysis  (NVA)  for  071200Z  July  with  Peggy's 
position.  The  effect  of  the  subtropical  ridge  can  be 
implied from  the  plot  of  the  final  best  track. 


After  crossing  northern  Luzon  and  moving  into 
the  South  China  Sea,  Peggy  ccntinued  to  slowly 
weaken.  It  made  landfall  over  southern  China  80  mi 
(li|S  km)  east  of  Hong  Kong  at  U.0200Z  with  an 
intensity  of  55  kt  (28  m/sec)  Widespread  flooding 
resulted  across  southern  China  and  over  200  people 
were  reported  dead. 

Ihe  track  forecasts  from  the  first  warning 
throu^  the  21st  warning  (at  080000Z)  r^jeatedly 
called  for  a  more  northerly  track  than  was  observed. 
Guidance  from  the  OTCM  hinted  at  recurvature  (Figure 
3-07-^).  Initially  the  NOGAPS  prognoses,  0212(K)Z  to 
060000Z,  indicated  slow  weakening  of  the  subtropical 
ridge  poleward  of  Peggy.  However,  from  061200Z 
through  120000Z  the  NOGAPS  prognoses  reversed  this 
trend  and  began  slow  ridge  building.  Although  NOGAPS 
suggested  a  stronger  subtrc^ical  ridge,  guidance  from 
OTCM  persistently  called  for  a  more  northerly  track, 
■me  WO  mb  NVA  analysis  at  071200Z  (Figure  3-07-5) 
shows  the  location  of  the  ridge  and  Peggy’s  ultimate 
track. 
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T5CPH00N  BDfflE  C08W) 


Typhoon  Roger  vas  initially  enhanced  by  a 
Tropical  Upper-TTopospheric  Trough  (TUTT)  cell  as 
described  by  Sadler  (1976).  On  ^  July  1986,  as 
Typhoon  Peggy  was  moving  toward  the  west,  away  frcm 
Guam,  a  TOTT  cell  was  observed  nnving 
west-northwestward  from  a  location  780  m  (14^15  km) 
east  of  Wake  Island.  The  well-developed  TUTT  cell 
and  its  associated  convectlcn  continued  this  movement 
for  the  next  five  days.  By  8  July,  a  tropical 
disturbance  had  developed  fran  this  area  of 
convection  about  30  nm  (56  km)  southwest  of  Enewetak 
Atoll.  It  persisted  into  the  next  day  when  it  was 
included  in  the  Significant  Trqiical  Weather  Advisory 
(ABPW  PGTW)  for  the  first  time.  Initiadly,  Roger 
iinowed  little  potential  for  development  into  a 
tropical  disturbance.  Over  the  next  two  days. 


however,  the  convective  area  became  more  organized  as 
cross-equatorial  westerlies  converged  with  the 
tradewind  easterlies  at  low-levels  and  an  anticyclone 
formed  aloft. 

The  divergent  upper-level  flow  southeast  of  the 
TUTT  cell  continued  to  provide  a  favorable 
envirormant  for  the  tropical  disturbance  to  develop 
slowly  during  the  next  three  and  a  half  days.  A 
Tropical  Cyclone  Formation  Alert  (TCFA)  was  issued 
for  the  system  at  110717Z.  Satellite  imagery  (Figure 
3-08-1)  at  120024Z  July  shows  the  tropical 
depression.  The  first  warning  was  issued  at  130Q00Z, 
because  the  system  continued  to  increase  in 
convective  organization  and  a  mini  mm  sea-level 
pressure  of  999  mb  was  observed  by  aircraft 
reconnaissance  at  122245Z, 


Figure  3-08-1.  Roger  as  a  tropical  depression.  Note 
the  effect  of  the  TITIT  cell  northwest  of  the  depression 
which  causes  a  deformation  and  enhancement  of  the 
cirrus  oittflow  pattern  to  the  southeast  (I20024Z  July 
DMSP  visual  imagery). 
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During  all  stages  of  develppoKnt,  lyphoon  Roger 
remained  small  in  size.  Aerial  Reconnaissance 
Weather  Officers  flying  into  Roger  consistently 
rq>orted  the  diameter  of  the  light  and  variable 
surface  wind  center  as  1  nm  (2  tan)  to  4  nm  (7  km). 
Figure  3-08-2  shows  Roger's  small  eye  and  central 
convective  mass. 

<nVIC  accurately  forecast  Roger's  track  and  point 
of  recurvature.  Roger  moved  west-northwestward  i^le 
south  of  the  700  mb  subtrc^lcal  ridge;  th«» 
northward,  and  later  northeastward  as  it  recurved 
around  the  western  end  of  the  ridge.  Figure  3-08-3 
shows  the  locaticn  and  orientatlcn  of  the  subtropical 
ridge  as  reflected  in  the  700  n4>  data  cxi  131200Z 
July.  The  guidance  from  the  Onenray  Interactive 
Tixjpical  Cyclone  Itodel  (CflCM),  JTWC's  primary 
foreceist  aid,  was  generally  good  although  the  model 
repeatedly  suggested  a  tighter  recurvature  track  at 
the  24-hour  point  (af)proximately  180  nm  (333  tan) 
farther  to  the  east)  than  was  actually  observed. 
Figure  3-08-4  is  a  plot  of  the  initial  and  24-hour 
points  from  the  OTCM  showing  this  bias  toward  the 
east. 


Figure 3-08-3.  The  700  mb  Wind  Anaiysis  on 
131200Z  July  showing  location  and  orientation  of  the 
subtropical  ridge  that  influenced  Roger's  movement. 
The  dashed  line  shows  Typhoon  Roger’s  eventual  track. 


Figure  3-08-2.  Typhoon  Roger  near  maximum 
intensity.  A  small  ^  is  present  in  the  central  convective 
mass  (150104Z  July  DMSP  visual  imagery). 
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After  recurvature  toward  the  northeast,  Typhoon 
Roger  began  extratropieal  transitiai  as  it 
encountered  the  shearing  sivironment  that  caused  its 
convecticm  to  be  displaced  to  the  southwest  of  the 
low-level  circulation  center  (Figure  3-08-5).  Ihls 
shearing  away  of  the  central  convection  caused  Roger 
to  weaken  further.  The  stratified  nature  of  the 
low-level  cloud  (in  Figure  3-08-5)  is  indicative  of 
extratropieal  transition. 

Although  Typhoon  Roger  piassed  just  45  nm  (83  km) 
east  of  the  island  of  Okinawa  and  Kadena  Air  Base, 
the  effect  was  minimal  due  to  its  small  size.  Peak 
gusts  of  43  kt  (22  m/see)  were  reported  and  the 
northern  part  of  the  island  received  about  1  inch 
(254  mm)  of  rainfall.  "U.S.  military  installations 
CXI  Okinawa  sp>ent  most  of  Wednesday  (16  July)  in 
typhoon  condition  one  ....  (and)  Japanese  schcxils 
were  closed  during  the  day.  /^piroximately  4000 
tourists  were  stranded  briefly  at  Naha  Airport  during 
the  day  as  21  flights  were  cancelled  because  of  the 
storm.  Airline  officials  said  all  those  passengers 
were  CXI  their  way  by  late  afternoon."  There  were  no 
repkjrts  of  Injuries  or  significant  damage  on  Okinawa 
or  to  shipping. 


Figure  3-08-4.  Plot  of  OTCM  (One-way  Interactive 
Tropical  Cyclone  Model)  forecast  tracks  for  period 
MOOOOZto  I61800ZJidy. 


Figure  3.08-5.  Satellite  imagery  cf  Roger  showing  the 
exposed  low-level  circulation  center  and  central 
convection  tUsplaced  to  the  southwest.  Note  the  stratified 
nature  of  the  low-level  clouds  associated  with 
extratropieal  transition  (170527Z  July  NOAA  visual 
imagery). 
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HOPICAL  STOFM  SARAH  C09W) 


Ihe  suaner  monsoon  was  well  eatabllsbed  and  had 
stronger  than  normal  low-level  westerlies  from  the 
Caroline  to  the  Marshall  Islands  by  mid-July.  Fran 
the  21st  of  July  onward,  the  conditions  were  ripe  for 
cyclogenesis.  After  daily  mention  in  the  SiBiif leant 
Tropical  Weather  Advisory  (ABPW  PGEW)  and  several 
false  alarms,  a  Tropical  Cyclone  Fonnation  Alert 
(TCFA)  was  issued  for  a  rapidly  developing  area  of 
convection  in  the  Philippine  Sea  k20  nm  (778  km) 
north  of  Belau. 

The  aircraft  reconnaissance  flight  investigating 
this  disturbed  area  at  300152Z  located  a  weak, 
low-level  circulation  center  with  maxinum  surface 
winds  of  18  kt  (9  m/sec)  and  a  ir1  nimim  sea-level 
pressure  (MSLP)  of  1001  nto.  The  first  warning  for 
Trqjical  Depression  09W  followed  at  301200Z  as 
convection  and  winds  incr^ised  cn  the  south  side  of 
the  vortex. 

Subsequent  intensification  of  this  system  was 
masked  from  satellite  imagery  by  the  heightened 
convective  activity  in  the  monsoonal  westerlies. 


Aircraft  reconnaissance  into  the  trcplcal  cyclone  at 
311525Z  found  40  kt  (21  m/sec)  surface  winds,  which 
proopted  the  ipgrade  to  Trcpical  Storm  Sarah.  During 
this  period,  the  tropical  cyclone’s 
west-northwestward  movement  slowed  and  the  system, 
vdjioh  appeared  to  be  following  an  under-tbe-rldge 
scenario,  continued  to  cemsolidate. 

Later  aircraft  reccsmaissance  at  3112138Z  and 
010009Z  confirmed  the  slowing  trend  and  the  Aerial 
Reconnaissance  Weather  Officer  (ARMO)  r^xjrted  that 
multiple  circulation  centers  might  be  presait. 
Additionally,  the  ARMD  estimated  the  ring  of  maYimnn 
surface  winds  as  nearly  synroetrical  with  sli^itly 
weaker  winds  in  the  northern  semicircle  dl^laced  20 
to  60  nm  (32  to  96  km)  from  the  center. 

As  Sarah  moved  closer  to  the  island  of  Luzon,  it 
became  increasingly  roore  difficult  to  locate  the 
circulation  center.  The  major  convective  area 
shifted  to  the  northwest  quadrant  (see  Figure 
3-09-1).  Aircraft  reconnaissance  at  OII3OOZ  (Figure 


Figure  3-09-1 .  "Where  is  Sarah?"  That  was  the  question 
w&n  this  image  was  received.  The  trend  from  previous 
satellite  imagery  was  for  the  deep  convection  to  continue 
westward  movement  across  northern  Luzon  appears  to 
be  maintained  (01060SZ  Mgust  NOAA  visual  imagery). 
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Figure  3-09-2.  A  plot  of  the  011300Z  August  aircrcft 
reconnaissance  mission  around  northern  Luzon.  These 
data  imply  that  the  low-level  circulation  in  the  monsoon 
trough  (i.e.,  Sarah)  may  have  remained  in  the  Philippine 
Sea. 


3-09-2)  flew  arouTKl  northern  Luzon  and  detected  only 
hroadscale  northeasterly  flow  without  a  trace  of  a 
low-level  circulation  center.  Uiese  northeasterly 
winds  should  have  provided  a  valuable  clue  as  to  the 
location  of  Sarah.  (In  retrospect,  it  took  more  than 
2^-hours  to  get  the  forecast  back  <»»  the  right 
track.)  In  the  interim,  the  persistent  deep 
cloudiness  across  northern  Luzon  as  viewed  by  the 
meteorological  satellite  imagery  ioplled  that  Sarah 
was  ccaitinulng  into  the  South  China  Sea  and  towards 
mainland  China.  The  dynamic  guidance  provided  by 
Nested  Tropical  Cyclone-  Model  (NTCM)  and  One-Way 
Interactive  Tropical  Cyclone  Model  (OTCM)  endorsed 
this  movement  into  the  South  China  Sea. 

Again,  aircraft  recomaissance  between  O1210OZ 
and  020000Z  was  unable  to  locate  a  Sarah.  This  time 
the  flight  was  west  of  Luzon  in  the  South  China  Sea. 
An  aircraft  mission  previously  scheduled  to 
investigate  a  TCFA  area  northeast  of  Luzon,  however, 
did  find  Sarah  in  the  Philippine  Sea.  Satellite 
imagery  after  012100Z  also  showed  a  reorganization  of 
de^  convection  east  of  Luzon.  This  resulted  in  a 
relocation  and  an  abrupt  change  in  forecast 
philost^y.  No  longer  was  Sarah  following  the 
under-the-ridge  scenario  into  the  South  China  Sea, 


tut  now  was  moving  northeastward  (Figure  3-09-3). 

After  0306OOZ  August,  Sarah  started  accelerating 
toward  the  northeast  in  response  to  inclosing 
westerly  wind  flew  aloft.  By  050000Z,  the  system 
moved  to  a  position  east  of  the  island  of  Honshu  and 
transitioned  to  an  extratropical  cyclone. 

Heanalyses  of  aircraft,  satellite,  radar  and 
conventional  data  after-the-fact  revealed  the 
following.  As  Sarah  approached  northern  Luzon,  the 
upper-level  circulation  center  became  displaced  from 
the  low-level  center  and  moved  across  the  mountainous 
terrain  of  the  island  and  dissipated  in  the  South 
China  Sea.  The  residxial  low-level  vortex,  vrtiich  was 
weak  and  difficult  to  locate,  remained  east  of  Luzon 
in  the  active  monsoon  trou^.  The  monsoon  trough 
changed  its  orientation  gradually  from  east-west  to 
northeast-southwest,  as  Sarah  reintensified  and  moved 
northeastward.  The  aircraft  mission  at  OI1300Z 
(Figure  3-09-2)  was  a  key  piece  of  data  in 
reconstructing  what  hsppened  in  this  difficult 
situation.  The  broad  northeasterly  flow  across 
northern  Luzon  implied  that  Sarah  remained  in  the 
Philippine  Sea  and  was  masked  by  the  monsoon  trough 
and  vigorous  convection  clos^y. 
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Figure  3-09-3.  Plots  of  the  forecast  tracks  for  Sarah. 
Note  the  abrupt  change  between  warnings  11  and  15. 
The  d^ficulty  in  locating  the  low-level  circulation  center 
and  understanding  the  changing'  synoptic  situation 
prolonged  the  time  (warnings  9  through  14)  it  took  to  get 
the  forecasts  back  on  the  right  track. 
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TYPHOONS  GECRGEITE  (HE)  and  TIP  (lOW) 


Typhoona  Georgette  and  Tip  provided  one  of  the 
more  intriguing  forecasting  opportunities  of  the  1986 
western  North  Pacific  Tropical  Season  for  JIWC  as 
they  circled  one  another  in  a  conplex  binary 
interaction.  Georgette  was  a  rare  tropical  cyclone 
»ftiich  traveled  fran  the  eastern  North  Pacific  region 
across  the  central  r^ion  and  became  a  typhoon  in  the 
western  region  (see  Figure  3-10-1).  During  its 
two-week  lifespan  Georgette  traveled  nearly  5,&30  nm 
(10,371  km). 

Typhocn  Georgette  had  an  interesting  early 
history.  It  began  as  a  tropical  disturbance  in  the 
eastern  North  Pacific  1,600  nm  (2,963  km) 
south-southwest  of  Los  Angeles  on  August  2nd  and 
initially  moved  westward.  Ihe  Naval  Western 
Oceanc^raphy  Center  located  in  Pearl  Harbor,  Hawaii 
issued  a  Tropical  Cyclone  Formation  Alert  (TCFA)  on 
the  system  at  020700Z  after  observing  convective 
bands  on  satellite  imagery.  Later  that  same  day,  at 
022000Z,  the  Eastern  Pacific  Hurricane  Center  (EPHC), 
located  in  San  Francisco,  issued  the  first  advisory 
on  Tropical  Depression  HE.  The  system  was  upgraded 
to  Tropical  Storm  Georgette  (HE)  on  the  fourth 


advisory  at  031500Z,  then  downgraded  to  a  tropical 
depression  again  ai  the  fifth  throu^  seventh 
advisories  when  a  decrease  was  noticed  in  the  amount 
of  convective  organization.  It  was  i^jgraded  once 
more  to  a  tropical  storm  on  the  eighth  advisory  and 
then  finally  downgraded  for  the  last  time  and 
forecast  to  dissipate  over  water  on  the  ninth 
advisory  as  it  passed  south  of  Hawaii.  Hie  Central 
Pacific  Hurricane  Center  (CPHC)  issued  the  sixth 
througi  ninth  advisories  after  Georgette  had  moved 
into  the  central  North  Pacific.  A  total  of  nine 
advisories  were  issued  on  Georgette  by  EPHC  and  CPHC 
contoined.  AH  nine  correspcxiding  trc^ical  cyclone 
warnings  for  the  Department  of  Defense  customers  were 
issued  by  the  Naval  Western  Cteeanography  Center. 

Georgette  maintained  its  identity  as  a  tropical 
disturbance  after  the  final  downgrade  and  was  tracked 
by  JTOC  before  it  crossed  the  dateline.  It  was  first 
mentioned  at  071500Z  on  the  Significant  Trc^iioal 
Weather  Advisory  (ABPW  PGrTW)  as  a  20  kt  (10  m/sec) 
disturbance  i|20  nm  (778  km)  southwest  of  Johnston 
Island.  It  crossed  the  dateline  on  8  August  while 
moving  on  a  northwestward  trajectory. 


Figure 3-10-1.  A  composite  plot  of  Tip's  and 
Georgette's  best  tracks  shows  how  closely  linked  the 
two  were  at  the  end  of  Georgette's  long  journey. 
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JWC  issued  -a  TCPA  on  regenerated  Trc^lcal  Storm 
Georgette  (HE)  at  090130Z  based  cm  analysis  of 
satellite  imagery  vrtiich  showed  ingsroved  organization. 
A  few  hours  later,  JTWC  followed  with  its  first 
warning  (#10  on  the  system),  valid  at  090600Z,  when 
Georgette  re-developed  a  central  danse  overcast. 

Die  aircraft  reconnaissance  investigative 
mission  into  Georgette  can  10  August  at  004i(Z 
discovered  winds  of  1(5  (ct  (23  m/sec)  and  a  mininum 
sea-level  pressure  (MSLP)  of  990  mb.  Georgette 
continued  to  develop  over  the  next  iS-hours  reaching 


miniiaal  typhoon  status  by  lOiSOOZ .  Aircraft 
reconnaissance  confimed  this  at  102135Z,  rqiortlng 
estimated  maximum  surface  winds  of  65  kt  (33  m/sec) 
and  a  MSLP  of  973  mb. 

Georgette  remained  a  typhoon  for  36-hcxit^, 
slowed  in  forward  speed,  and  reverted  to  a  tropical 
storm  again  after  120000Z  (see  Figure  3-10-2).  Ihis 
was  appiarently  due  to  the  proximity  of  a  Dropical 
Upper-Dx^xispiheric  Trough  cell  to  the  north  and 
increased  vertical  shear. 


Figure  3-10-2.  Georgette  (to  the  east)  -was  weakening 
as  Tip  war  developing  rapidly  to  its  west  (I21059Z 
August  DMSP  iafmred  imagery). 
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WAKE  ISLAND 


Figure  3-10-3.  Georgette  just  t^r  passing  within  30 
itn  (56  km)  to  the  north  of  Wake  Island.  Upper-level 
thear  on  the  system  from  the  west  has  exposed  the 


low-level  center.  Tip,  located  to  the  west-southwest  of 
Georgette,  was  Just  a  few  hours  away  from  the  first 
warning  (I30358Z  August  DMSP  visual  imagery). 
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Figure  3-10-4.  Tropical  Storm  Tip  as  it  became  the 
thminant  system.  Georgette  was  still  a  minimd  tropical 
storm  and  its  exposed  low-level  center  was  visible  as  it 
circled  counterclockwise  about  Tip  (142259Z  August 


DMSP  visual  imagery). 
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Georgette  continued  moving  toward  the  northwest, 
passing  almost  directly  over  Wake  Island  early  on  the 
13th  (see  Figure  3-10-3).  Ihey  received  maximum 
sustained  winds  of  US  kt  (22  m/sec)  at  13OIOIZ  out  of 
the  north.  No  damage  was  reported  by  the  seven  Air 
Force  personnel  stationed  there.  Despite  strong 
shear  at  ipper-levels,  it  retained  minimal  tropical 
storm  intensity  until  after  it  had  circled  coogsletely 
around  Typhoon  Tip.  Georgette  weakened  to  tropical 
depression  intensity  for  the  last  time  on  15  August 
(see  Figure  3-10-^).  Georgette  remained 
distinguishable  from  Tip  for  only  a  day  longer  (see 
Figure  3-10-5),  then  was  absorbed  into  Tip's  major 
convective  inflow  band. 

Up  b^an  early  on  9  August  as  a  tropical 


disturbance  located  250  nm  (i|63  km)  southwest  of  Wake 
Island.  The  disturbance  was  placed  on  the  ABPW  PGTW 
by  JTWC  after  it  persisted  for  a  day  on  satellite 
imagery.  The  first  TGFA  was  issued  at  llOifSOZ  on  Up 
based  on  an  aircraft  reconnaissance  investigative 
mission  that  found  a  low-level  circulation  center 
with  maximum  winds  of  20  to  *t0  kt  (10  to  21  m/sec). 
The  strongest  winds  were  on  the  north  side  of  the 
circulation  associated  with  the  maximum  pressure 
gradient.  The  MSLP  was  1001  mb. 

The  second  TCFA  was  issued  the  next  day  (12 
August)  vflien  aircraft  reconnaissance  did  not  find  a 
closed  circulation  center  but  only  a  broad  surface 
pressure  trougi  with  a  MSLP  of  998  nib.  No 
substantial  winds  were  noted  and  the  system  appeared 


Figure  3-W-S.  Tropica!  Depression  HE  (Georgette) 
retains  only  its  low-level  circulation.  All  the  heavy 
convective  activity  has  become  concentrated  around 
Tropical  Storm  Tip  (150336Z  August  DMSP  visual 
imagery). 
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—  TT  OEOROETTE  (11E) 
— -  TY  TIP  CIOWI 
-  MID-POINTS 


Figure  3-10^.  The  binary  interaction  between 
Georgette  and  Tip.  The  plot  of  their  respective  best 
tracks  and  midpoints  are  shown  between  130000Z  and 
1606002 August  1986. 


center-relative  counterclockwise  movement  about  the 
centroid  of  their  midpoUas  becomes  apparent. 
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to  be  quasl-statlonaiy,  perhaps  due  to  its  proximity  Georgette's  passage  to  the  north  because  It  acted  as 
to.  Georgette.  a  shield  from  the  unfavorable  ipper-level  sheering 

Ihe  third  TOFA  was  issued  on  13  August  without  effect  of  the  strong  westerlies  aloft.  Removing  the 
new  aircraft  reccnnalssanoe  inforoatlon  due  to  the  translational  motion  and  plotting  the  relative  notion 
lack  of  avedlable  recomaissance  assets.  Lata*,  of  the  two  systems  about  the  centroid  of  their 
afta?  an  aircraft  reconnaissance  investigative  mid^points  (Figure  3-10-7)  verifies  the  binary 
mission  found  winds  of  50  kt  (26  m/sec)  and  a  MSLP  of  interaction  as  the  pair  circled  one  another  in  a 
987  ni),  jnc  issued  its  first  warning  on  Tip,  valid  broad  elliptical  path. 

at  1306OOZ.  Tlie  sane  aircraft  also  fixed  Georgette  IXiring  the  latter  part  of  the  binary 
160  nm  (296  km)  northwest  of  Wake  Island  (see  Figure  interaction,  as  Tip  was  moving  north-northwestward, 
3-10-3).  The  two  tropical  cyclcxies  were  >t50  tm  (833  it  increased  in  intensity  and  in  the  process  passed 
km)  apart  at  this  time.  At  I3I8OOZ,  they  were  only  over  Hinami  Tori  Shima  (formerly  Marcus  Island).  At 
separated  by  400  nn  (741  km)  and  it  appear^  that  Tip  I6O6OOZ,  Tip  peaked  with  80  kt  (41  m/sec),  then 
was  capturing  the  low-level  inflow  of  Georgette  and  turned  to  the  right  on  the  17th  and  headed  off  toward 
was  becoming  more  intaise.  the  northeast  (see  Figure  3-10-8). 

A  binary  intei^tion  occurred  between  Georgette  Tip  transitioned  to  an  extratropioal  cyclone  on 
and  Tip  with  Georgette  tracking  west-northwestward  the  19th  (see  Figure  3-10-9)  and  eventually 
and  circling  around  Tip  in  a  counterclockwise  motion  dissipated  (4  days  later)  east  of  Japan.  JTOC  Issued 
(see  Figure  3-10-6).  Initially,  Tip  was  moving  very  its  final  warning  on  the  system  at  190600Z.  No 
slowly  in  the  same  direction,  but  it  eventually  did  a  reports  of  damage  or  fatalities  were  received  on 
small  counterclockwise  loop.  Tip  benefited  frcrn  these  two  tropical  cyclones. 


Figure  3-10-8.  Typhoon  Tip  passing  within  30  nm  (56 
km)  to  the  northeast  of  Minami  Tori  Shima  (formerly 
Marcus  Island)  (I52239Z  DMSP  visual  imagery). 
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Figure  3-10-9.  Tropical  Storm  Tip  becoming 
extratropical.  Note  the  wrapping  of  the  relatively  clear 
area  around  the  center  and  the  ragged  appearance  of 
Tip's  central  convection  (182318Z  August  DMSP  visual 
imagery). 
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TYPHOON  VERA  (IIW) 


Typhoon  Vera  was  another  classic  "monsoon 
d^ression"  (see  'Eropical  Storm  Sarah  (09W))  vrtiieh 
formed  in  the  most  intense  and  extensive  monsoon 
trough  in  the  western  North  Pacific  since  197it. 
locating  and  forecasting  the  initial  phases  of  Vera 
(from  1^)  to  18  Aijgust  1986)  within  this  extensive 
trough  presented  unique  problems  for  JTWC.  Vera  was 
relocated  several  times  within  the  monsocn  trough  as 
the  low-level  flow  attenpted  to  stabilize  around  one 
circulation  center.  In  post  analysis,  it  was 
determined  that  Vera  was  actually  two  systems;  the 
first  (Vera  #1)  stabilized  only  briefly,  reached 
tropical  storm  intensity  then  dissipated  in  the 
central  Philippine  Sea;  the  second  (Vera  #2)  formed 
at  the  northeast  periphery  of  the  monsoon  trough, 
over  360  nm  (66?  km)  from  Vera  #1,  developed  slowly 
and  reached  tyjSiocm  Intaisity  before  crossing  Okinawa 
and  the  Korean  peninsula.  The  problems  in  locating 


and  forecasting  Vera's  low-level  circulation  center 
were  exacerbated  by  limited  aircraft  availability 
(due  to  other  high  priority  missions  for  V(C-130 
aircraft  and  multiple  tasking  problems  with  Typhoons 
Tip  (low)  and  (Seorgette  (HE)),  sparse  sync^tic  data 
and  inconclusive  satellite  ima^ry. 

Vera  #1  developed  on  the  heels  of  two  typhoons, 
Tip  (low)  and  Georgette  (HE).  On  12  August, 
Cieorgette  (HE)  was  moving  west-northwestward  and  was 
located  to  the  southeast  of  Wake  Island.  The  onset 
of  the  intense  and  extensive  monsoon  trough 
associated  with  Georgette's  inflow  region  was  first 
noticed  at  that  time,  as  southwestorly  gradient  winds 
of  near  30  kt  (15  m/sec)  were  observed  at  Yap  (WHO 
9W13).  Truk  (WHO  91334)  and  Pciirpei  (WHO  91348). 
Georgette  (HE)  was  positioned  at  the  eastern  end  of 
this  trough  (Figure  3-H-l),  vdiich  extended  from  the 
Riilippine  Islands  to  the  dateline.  The  onset  of  the 


Figure  3-1 1-1.  The  surface/gradient  analysis  a  120000Z 
August  showed  the  onset  cf  the  intense  monsoon  trough 
extending  from  the  Philippine  Islands  to  the  dateline. 
Note  the  strong  gradient  wind  reports  at  Yap  (WMO 
91413),  Truk  (WMO  91334),  and  Pohnpei  (WMO 
91348). 
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monsoon  trou^  was  accxmpanied  by  an  extensive  cloud 
maximum  in  the  Philippine  Sea  (Figure  3-11-2)  where 
Vera  #1  formed.  An  interesting  feature  of  the  trou^ 
was  the  unusually  low  pressures,  which  were  evident 
along  the  axis  of  the  trough  betweai  12  and  15 
August.  Ihese  pressures  ranged  from  996  to  1006  ni). 

By  the  end  of  the  second  week  of  August  gale 
force  westerly  winds  were  present  in  the  southern 
Riilippine  Sea  and  transitory  light  and  variable 
circulation  centers  formed  along  the  trough  axis. 
Satellite  imagery  provided  little  help  in  locating 
any  of  these  circulation  centers  in  the  wind  field 
due  to  the  transitory  nature  of  the  central 
convection.  Consequently,  the  circulation  that 


eventually  became  Vera  #1  was  never  mentioned  on  the 
Significant  Tropical  Vfeather  Advisory  (ABPW  PGTW)  as 
a  suspect  area,  although  several  other  areas  in  the 
monsoon  trough  were  being  reported  on. 

Ihe  first  Tropical  Cyclone  Formation  Alert 
(TCFA)  was  issued  cti  l^t  August  at  OOOOZ.  This  was 
based  on  convection  that  had  persisted  for  12-hours 
and  was  colocated  with  an  analyzed  circulation  center 
in  the  surfaoe/gradient  wind  field.  The  TCFA  was 
reissued  at  150000Z,  as  satellite  imagery  indicated  a 
slight  increase  in  convective  curvature.  It  appeared 
that  the  low-level  flow  was  beginning  to  stabilize 
around  an  area  located  approximately  *<20  nm  (778  km) 
south-southeast  of  Okinawa,  Japan. 


Figure  3-11-2.  The  area  of  intense  convection  that 
prompted  the  fir^  TCFA  on  Vera  hi.  Note  the  extensive 
area  of  convection  in  the  southwest  monsoonal  flow  in 
the  southern  Philippine  Sea  (132119Z  August  DMSP 
visual  imagery). 
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At  15120OZ,  the  first  warning  was  issued  cn  Vera 
#1  (the  first  system).  This  warning  was  prompted  by 
three  ship  reports  (Figure  3-11-3)  that  defined  three 
quadrants  of  the  30  kt  (15  ni/sec)  tropical 
depression.  Twelve  hours  later,  the  aircraft 
investigative  flight  into  Vera  #1  found  winds  of  35 
kt  (18  m/sec)  and  a  rainiinum  sea-level  pressure  (MSLP) 
of  991  mb  (Figure  3-11-^).  confirming  the  ship  report 
and  justifying  an  upgrade  to  tropical  storm 
intensity. 

The  forecast  reasoning  from  15  August  to  17 
August,  prior  to  the  fonnaticn  of  Vera  #2  (the  second 
system)  to  the  northeast,  was  for  Vera  #1  to  move 
slowly  toward  the  west-northwest.  This  was  based  cn 
the  anticipation  of  the  strengthening  of  the 
subtropical  ridge  to  the  north.  However,  Vera  #1 
remained  confined  to  the  lower  troposphere  and 
asbedded  in  the  monsoon  trough.  Aircraft 
recormaissanoe  at  85O  mb  (5000  ft  (1524  m))  was 
unable  to  locate  the  circulation  center  during  a 
nighttime  fix  mission  cn  I6  August.  At  162333Z,  a 
daylight  1500  ft  (457  m)  fix  mission  indicated  Vera 
#1  had  moved  about  60  nm  (111  km)  south-southeast  of 
the  the  last  fix  mission.  At  that  point  Vera  #1  was 
elongated  east-west  and  relatively  ill-defined.  The 
surfaoe/gradient  analysis  at  170000Z  (Figure  3-11-5) 
indicated  that  the  monsoon  trougi  had  elongated 
considerably  with  a  large  area  of  extremely  lew 
pressures  (about  993  mb).  At  171200Z  the  surface 
analysis  indicated  that  Vera  #1  was  no  longer 
evident. 

Satellite  imagery  at  171240Z  (Figure  3-11-6) 
indicated  an  apparent  circulation  center  (Vera  #2) 
southwest  of  Tip  (lOW) ,  vrtiioh  was  moving  slowly 
northward  and  had  become  the  dominant  systen  in  the 


Figure  3-11-4.  The  August  16th  daylight  aircraft 
reconnaissance  investigative  mission  into  Vera  #1  fixed 
the  low-level  circulation  center. 
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monsoon  trough.  The  analysis  (Figure  3-11-5)  was 
IZriiours  prior  to  the  fonnaticn  of  Vera  #2  that  was 
(perh^is  DiLstakenly)  maintained  as  Vera  after  being 
relocated  more  than  360  nm  (667  km)  to  the 
eaatwiortheast.  The  satellite  data  proopted  the 
first  warning  on  Vera  #2  at  171200Z.  The  dramatic 
relocation  was  verified  at  I80716Z,  >rtien  the  first 
aircraft  reconnaissance  fix  position  in  over  30-^jours 
(Figure  3-11-7)  confirmed  the  presence  of  the  50  kt 
(26  n/sec)  system  embedded  in  the  mcnsoon  troug)i. 

The  sudden  and  dramatic  formation  of  Vera  #2 
caused  many  problems  for  the  fleet  custcxners  as  well 
as  for  the  forecasters.  In  essence,  Vera  #1  had  been 
forecast  to  move  slowly  toward  the  west-northwest  Cat 
three  days  idien  the  relocation  occurred,  placing  the 
system  360  nm  (667  km)  to  the  eaist-northeast  in  a  six 
hour  period.  Confusing  and  conflicting  satellite 
imagery  provided  little  insight  into  the  location  of 
the  system  duidng  these  stages.  At  171200Z,  Vera  #2 
was  at  tropical  dq)resslcn  intensity  and  moving 
slowly  noi*thward.  For  the  next  three  days,  Vera  #2 
intensified  slowly,  moving  erratically  at  first,  and 
then  slowly  eastward  within  the  monsoon  trou^.  The 
intense  trough  was  again  asserting  its  influence  on 
the  system's  track,  as  the  reonants  of  Up  (lOW) 
provided  the  "anchor"  at  the  eastern  end  of  the 
monsoonal  flow.  Vera  #2  continued  to  move  eastward 
with  the  monsoon  west-souttawesterlles  until  the  22nd, 
when  it  slowed  and  began  to  track  northward. 

The  synoptic  situation  governing  Vera  #2's 
movemant  began  to  (Grange  on  the  21st,  idien  a  small 
surface  ridge  appeared  to  be  building  to  the  north  of 
Vera  #2.  This  ridge  c(»itinued  to  build,  helped 
perhaps  by  Increasing  opper^level  convergence  to  the 
east-ncohheast  of  Vera  #2,  enhancing  subsidence  in 
the  iq)per  troposp^re  and  ridging  at  the  surface. 

Between  220000Z  and  221200Z,  Vera  #2  turned 
northward,  and  then  westward,  as  the  low-  to 
add-level  ridge  became  firmly  established  to  the 
north.  The  shift  in  the  steeidng  flow  is  evident  in 
the  diange  in  the  700  mb  Nvinerical  Variational 


Analysis  (NVA)  streamline  analysis  between  220000Z 
and  221200Z  (Figures  3-11-8  and  3-11-9).  Apparently, 
the  mid-level  trough  associated  with  the  remnants  of 
Tip  (low)  had  conpletely  disappeared  by  221200Z  and 
was  replaced  by  ridging  northeast  of  Vera  #2.  This 
ridge  provided  the  steering  flow  until  Vera  #2 '3 
recurvature  on  27  August.  Vera  #2  reached  its 
maximum  Intensity  of  110  kt  (57  m/sec)  and  MSLP  of 
923  nh  on  21  August,  just  prior  to  turning  westward 
toward  Okinawa. 

Vera  #2  continued  to  move  west-northwestward 
from  the  22nd  through  the  26th,  passing  directly  over 
the  island  of  Okinawa  late  ai  the  25th  (Figure 
3-11-10).  The  forecast  had  provided  those  on  Okinawa 
with  66-hours  of  warning  before  the  closest  point  of 
approach  (CPA)  occurred.  All  aircraft  and  ships  had 
been  evacuated,  sortied,  or  secured  long  before  Vera 
#2  hit  with  maximum  sustained  winds  (over  water)  of 
85  kt  (ilJ)  m/sec). 

The  recurvature  and  extratropical  transition 
phase  of  Vera  #2's  track  began  on  26  August.  Upon 
reaching  the  western  periphery  of  the  subtropical 
ridge,  Vera  #2's  movement  had  slowed  to  9  kt  (17 
km/hr)  and  turned  northwestward  at  approximately 
26O6OOZ.  Vera  #2  turned  northward  at  about  270000Z 
and  passed  I60  nm  (296  km)  east  of  Shanghai  12-hours 
later.  After  passing  east  of  Shanghai,  Vera  #2  began 
to  accelerate  north-northeastward.  By  the  28th,  the 
tropical  cyclone  had  lost  its  connection  with  the 
low-level  monsoonal  westerlies  and  weakened  to  60  kt 
(31  m/sec).  Figure  3-11-11  Shows  Vera  #2  just  prior 
to  landfall  near  Kunsan  AB,  Republic  of  Korea,  with  a 
large  cirrus  shield  to  the  north  of  the  exposed 
low-level  circulation,  indicative  of  a  tropical 
cyclone  transitioning  into  an  extratropical  system. 
Vera  #2  cleaimd  the  Korean  peniirsula  at  281800Z  with 
an  Intaisity  of  only  1(5  kt  (23  m/sec)  and  continued 
accelerating  northeastward.  It  ecapleted 
extratropical  transition  at  290600Z  in  the  Sea  of 
Japan. 


Figure  3-11-5.  The  surfacel gradient  analysis  at 
170000Z  (12-hows  prior  to  the  formation  of  Vera  #2). 
Note  the  elongated  trough  to  the  east  and  west  of  Vera 
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Figure  3-11-6.  Typhoon  Tip  and  the  early  stages  of 
Vera  112  (1712402  August  DMSP  visual  imagery). 
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Figure  3-11-8.  The  220000Z  August  700  mb  NVA 
analysis  showing  the  trough  (associated  with  the 
remnants  of  Typhoon  Tip  (lOW))  to  the  northeast  of 
Vera  42. 
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Figure  3-11-7.  First  aircrcft  reconnaissance  fix  mission 
cfier  relocation  to  Vera  42  (180716Z). 
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Figure  3-11-9.  The  221200Z  August  700  mb  NVA 
analysis  showing  a  ridge  (in  place  of  the  trough  12-hours 
earlier)  north  and  northed  of  Vera  #2. 


Figure  3-11-10.  Vera  tt2  at  typhoon  intensity  as  it 
approached  Okinawa  (250039Z  August  DMSP  visual 
imagery). 
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In  addition  to  the  problems  of  finding  and 
forecasting  the  initial  low-level  center,  Vera  #2 
caused  considerable  damage  and  loss  of  life.  It 
severely  impacted  civilian  shipping  and  military 
operations  at  sea.  Okinawa,  in  contrast,  because  of 
the  early  warning  provided,  experienced  only  slight 
damage;  mostly  to  power  lines  for  private  homes.  One 
fisherman  was  killed.  Kadena  AB  recorded  peak  wind 
gusts  of  8^t  kt  (43  m/sec).  High  seas,  however, 
placed  several  ships  at  sea  in  distress.  In 
Shanghai,  seven  people  were  killed  and  28  injured 
when  Vera  #2  passed  160  nm  (296  km)  east  of  the  city. 
The  New  China  News  Agency  (NCNA)  reported  more  than 
500  hemes  were  destroyed  and  3,000  anergency  workers 
were  recalled  to  restore  electrical  supplies  and  to 
ensure  dikes  along  the  Huangpu  river  and  the  coast 
were  secure.  NCNA  also  reported  that  more  than  3,000 


vessels  sought  shelter  as  Vera  #2  approached.  Qn  the 
Island  of  Cheju,  28  houses  were  destroyed,  leaving  50 
people  homeless.  In  South  Korea,  six  people  were 
killed  and  over  «ie  million  dollars  worth  of  damage 
was  reported.  Hie  most  extensive  damage  to  U.S. 
militaiV  facilities  was  reported  at  Taegu  AB,  where 
more  than  75  trees  were  felled  and  power  lines  were 
downed.  The  roofs  of  several  buildings  were  blown 
away. 

In  retrospect,  Vera  underscores  the  difficulty 
of  positioning  and  forecasting  tropical  cyclones  that 
form  in  strong  monsoonal  troughs.  In  addition,  the 
eastward  movement  of  Vera  #2  for  three  days  was  an 
interesting  anomaly  that  was  perhaps  influenced  by 
the  intense  monsoon  trough  that  extended  throughout 
the  entire  western  North  Pacific  for  most  of  August. 
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Figure  3-1I-1I.  Vera  M2  in  the  beginning  stages  oj 
extratropied  transition  just  prior  to  lanc^aU  near  Kunsan 
AB,  Republic  of  Korea  (2^2  IZ  August  NOAA  visual 


imagery). 
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TlfPHOON  WAiNE  (12W) 


Typhoon  Wayne  was  one  of  the  longest-lived 
tropical  cyclones  in  the  28-year  history  of  the  Joint 
Typhoon  Warning  Center  (JT?WC).  Wayne  had  more 
warnings  (67)  issued  c«i  it  than  any  other  tropical 
cyclone  of  1986.  Another  unusual  fact  concerning 
Typhoon  Wayne  was  that  it  never  fully  emerged  frcxn 
the  monsoon  trough.  Due  to  its  highly  atypical 
track,  Wayne  caused  significant  forecasting  problems 
for  JTMC. 

Wayne  was  a  small  system  that  remained  in  the 
northern  South  China  Sea  and  the  western  Philippine 
Sea  throu^out  its  entire  life.  Its  best  track 
includes  three  loops  and  a  figure  eight.  To  further 
ccmplicate  matters,  Wayne  also  dissipated  and  then 
r^enerated  vSiile  still  over  tropical  waters. 

IXiring  the  middle  of  August,  the  monsoai  trough 
was  well  established  in  the  western  North  Pacific  and 
the  South  China  Sea.  Between  15  and  20  degrees  North 
Latitude,  it  extended  from  central  Vietnam  eastward 
to  Wake  Island.  Stronger  than  normal  low-level 
westerlies  equatorward  of  the  trough  axis  were 


characteristic  of  the  nonsocn  trougi  throu^out  the 
month  of  August  and  into  early  Septanher.  North  of 
the  monsooi  trough,  the  subtropical  ridge  was  also 
well  established. 

On  August  15th,  a  small  area  of  persistent 
convection  moved  westward  across  the  island  of  Luzon 
into  the  South  China  Sea.  Synoptic  data  at  150000Z 
and  151200Z  indicated  a  surface  circulation  with  20 
kt  (10  m/sec)  winds  and  a  ndnimum  sea-level  pressure 
(MSLP)  of  1002  mb.  These  data  prctBpted  JTWC  to 
reissue  the  Significant  Tropical  Weather  Advisory 
(ABPW  PCiTW)  at  152100Z.  Over  the  next  tvro  to  three 
days,  the  disturbance  moved  southwestward  and 
increased  in  organization.  Three  Tropical  Cyclone 
Formation  Alerts  (TCFAs)  were  issued  at  0400Z  on  the 
l6th,  17th  and  I8th  of  August  to  advise  customers  of 
the  good  potential  for  development  of  a  significant 
tropical  cyclone  in  the  area. 

After  receiving  aircraft  reconnaissance  reports 
of  iJO  kt  (21  m/sec)  and  a  MSLP  of  985  n*  at  l8072i)Z 
(Figure  3-12-1),  the  first  warning  was  issued  on 
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Figure  3-12-1.  Aircraft  reconnaissance  investigative 
mission  located  maximum  surface  winds  of  40  kt  (21 
misec)  and  a  minimum  sea-level  pressure  of 985  mb  at 
180724Z. 
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Figure  3-12-2.  Wayne  shortly  before  the  aircraft 
reconnaissance  mission  (Figure  3-12-1)  and  first 
warning  (180628Z  August  NOAA  visual  imagery). 


Tropical  Storm  Wayne  (Figure  3-12-2)  valid  at 
180600Z. 

Over  the  next  two  days,  the  syncptic  scale 
monsocn  trough  shifted  to  the  north  about  five 
degrees.  Wayne  responded  by  moving  northwestward 
also.  Throughout  this  period  of  position 
readjustment,  gradual  devel<^3Dent  brought  Wayne  to 
ty^iioon  Intensity  at  190600Z,  Mean*4iile,  a  weak 


mid-latitude  trou^i  began  to  deepen  and  move  eastward 
across  mainland  China  toward  the  East  China  Sea.  At 
20CI000Z,  this  trough,  and  associated  front,  extended 
across  the  Yellow  Sea  southward  to  the  southeast 
coast  of  China.  Also,  at  200000Z,  Wayne  assumed  a 
northeastward  track  towards  Hcxig  Kong  aixi  the  south 
coast  of  mainland  China.  Hong  Kong's  radar,  at 
202104Z  (210504H  Hong  Kong  local  time)  digitally 
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digitally  depicted  the  rainbands  surrounding  the  eye 
(Figure  3-12-3)  as  >fetyne  passed  to  the  south  and 
east.  Another  view  Shows  the  eye  of  the  typhoon  as 
it  was  remotely  sensed,  five-hours  later,  450  im  (833 
km)  from  space  (Figure  3-12-4).  Cn  22  Augist, 
Typhoon  wayne  moved  northeastward  across  northern 
Taiwan  and  weakened  to  trc^lcal  storm  intensity  after 
Interacting  with  Taiwan’s  rugged  mountains.  In  the 
meantime,  Typhoon  Vera  (UW)  had  become  the  dominant 
system  in  the  Philippine  See  and  began  moving  rapidly 
toward  the  west-northwest.  On  the  24th,  Wayne  had 
moved  rapidly  west-southwestward  and  throu^  the 
liizon  Strait  (for  the  first  time)  in  response  to  the 


northeasterly  steering  flow  associated  with  the 
subtropical  ridge.  As  Vera  (UW)  ^groacbed,  Wayne 
decreased  significantly  in  intensity  and  central 
convection.  Increased  vertical  sheer  and  subsidence 
associated  with  Vera  (UW)  stripped  Weyne  of  its 
supporting  ooitral  convection.  As  a  result,  only  a 
small  low-level  exposed  circulation  cmuter  remained. 
A  final  tmrning  on  Wayne  was  issued  at  250600Z,  but 
JTMC  oxitlnued  to  monitor  the  disturbance  for 
possible  redevelopment. 

As  Vera  (UW)  moved  northward  (261200Z),  the 
remains  of  Wayne  became  entrained  in  Vera's  extensive 
low-level  inflow  and  began  to  move  east-northeastward 
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Figure  3-12-3.  Digitized  radar  presentation  (f  Typhoon 
Wayne  at  202104Z  (Photograph  courtesy  of  the  Hong 
Kong  Royal  Observatory). 
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Figure  3-12-4.  The  eye  cf  Typhoon  Wayne.  The  band 
of  cloudiness  associated  with  the  weak  front,  extending 
east-west  and  just  to  the  north  of  the  typhoon  (2I0200Z 
August  DMSP  visual  imagery). 


fear  the  second  time.  The  271200Z  surface  analysis 
(Figure  3-12-5)  showed  a  MSLP  of  998  ob.  30  kt  (15 
in/sec)  ship  reports  i  and  *10  kt  (21  in/sec)  ship 
reports  -  indications  that  Wayne  had  regenerated. 
These  synoptic  data,  coupled  with  stpporting 
satellite  reconnaissance  inputs,  preapted  JTWC  to 
begin  issuing  warnings  again  on  Tropical  Storm  Wayne 
at  2800002.  Wayne  headed  northeastward  throu^  the 
Luzon  Strait  for  the  second  time. 

By  31  August,  low-  to  mid-level  ridging  built 
back  across  the  East  China  Sea  in  Vera's  (IIW)  wake. 
Wayne's  movement  toward  the  northeast  slowed  and 
changed  toward  the  southwest  -  back  through  the  Luzon 
Strait  on  the  2nd  of  Septentoer  for  the  third  time! 
After  301200Z,  and  until  051800Z,  Wayne  maintained 
typhoon  intensity  (Figure  3-12-6).  Once  throu^  the 
strait,  the  typhoon  accelerated  westward.  As  it 
moved  away  from  Luzon,  Wayne  reached  its  peak 
intensity  of  90  kt  (*I6  m/sec)  at  0*t0000z.  Wayne  then 
moved  south  of  Hong  Kong,  north  of  the  island  of 
Hainan  and  across  the  northern  Gulf  of  Tonkin  before 
dissipating  over  land  over  southern  China.  JTWC 
Issued  its  final  warning  at  060600Z. 

As  a  result  of  Typhowi  Wayne,  52  people  were 
reported  killed  and  97  people  were  reported  injured 
in  Taiwan.  On  Luzon,  19  people  were  reported  killed 
emd  hundreds  of  people  were  reported  injured.  In 
Vietnam,  dozens  of  people  were  reported  killed  in 
addition  to  the  hundreds  reported  Injured.  In  total, 
tens  of  thousands  of  people  were  left  homeless  and 
millions  of  dollars  worth  of  damages  were  sustained 
to  crops  and  property  due  to  torrential  rain  induced 
flooding  and  high  winds.  In  sunmary,  Wayne  was  an 
extremely  long-lived,  complex,  difficult  to  forecast 
"midget"  typhoon  that  struck  Taiwan  twice,  transited 
the  Luzon  Strait  three  times,  caused  extensive  daioage 
and  loss  of  life,  and  proved  to  be  one  for  the  record 
books. 


Figure  3-12-5.  The  271200Z  August  1986  Surface 
Synoptic  Chart.  Note  the  30  kt(  15  misec)  and  40  la  (21 
tnlsec)  ship  reports  associated  with  Wayrte. 


Figure  3-12-6.  Wayne  at  typhoon  intensity  southeast  of 
Taiwan  as  seen  by  the  Hualien  radar  (WMO  46699)  at 
301200Z  August  (Photogrtph  courtesy  of  the  Central 
Weather  Bureau,  Taipei,  Teuwan). 
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TXraCXN  ABBY  (13W) 


Tyi^oon  Abby  developed  In  low  latitudes  from  a 
broad  area  of  ccnvecticm.  moved  northwestward  end 
eventuaCLly  recurved  airound  the  subtropical  ridge. 
While  in  its  fomatlve  stage,  Abby  gave  indications 
that  it  might  develc^  rapidly,  however,  it  caused 
little,  if  any.  damage  when  it  passed  within  30  nm 
(36  km)  soutb-soutbwest  of  Guam.  Later  as  a  typhoon, 
it  inflicted  heavy  damage  and  loss  of  life  on  the 
island  of  Taiwan. 

During  the  end  of  August  and  beginning  of 
S^teober,  the  moisocn  trou^  extended  eastward  from 
its  normal  position  along  20  degrees  North  Latitude 
between  140  and  I80  degrees  East  Longitude.  Ihls 
displacement,  coupled  with  mean  pressures  two 
millibars  below  nonaal  in  the  monsoon  trou^  and 
higher  than  normal  pressures  to  the  south  (in  the 
Tasman  Sea),  resulted  in  stronger  surface 
near-equatorial  westerlies  from  New  Guinea  eastward 
into  the  Gilbert  Islands.  Ihls  increased  low-level 
westerly  flow,  along  with  enhanced  convection,  raised 
the  potential  for  tropical  cyclone  genesis  within  the 
monsoon  trou^.  These  factors,  plus  low  vertical 
wind  shear  (Figure  3-13-1)  associated  with  an  area  of 
persistent  convection  southwest  of  Ihuk,  prompted 
mention  on  the  091930Z  Significant  Thcg>lcal  Weather 
Advisory  (ABFW  PGTW).  For  three  days  this  area  of 
cloudiness  continued  to  develop  slowly  as  it  drifted 
toward  the  northwest.  Daylight  aircraft 
recofmaissanoe  on  the  lOtb,  Uth  and  12tii  of 
S^teober  found  only  broad  surface  troubling,  wUninim 
sea-level  pressures  of  IOO6  nb  and  20  to  23  kt  (10  to 
13  m/sec)  surface  winds. 


T35*E  140*  145*  150*  155*E 


O-  ISLAND  STATIONS 

Figure3-13-2.  130000Z  September  1986  surfacel 
gradUnl-level  streamUne  analysis  showing  synoptic 
reports  which  prompted  the  first  warning  on  Typhoon 
Abby. 
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The  130000Z  surface/gradiGnt-level  streamline 
analysis  included  one  35  let  (18  m/sec)  ship  report, 
one  30  kt  (15  m/sec)  ship  report,  one  33  kt  (17 
m/sec)  gradient-level  wind  r^x)rt  and  indicated  that 
a  minimum  sea-level  pressure  of  1002  mb  was 
associated  with  the  system  (Figure  3-13-2).  Based  oi 
this  information,  the  first  warning  was  issued  at 
1306OOZ,  which  located  Tropical  D^ression  13W  120  m 
(222  km)  southeast  of  Guam.  During  this  early 
period,  Abby  vras  a  large  disturbance,  vdilch  lacked  a 
persistent  central  dense  overcast  (CDO)  (Figure 
3-13-3).  Beginning  at  lil0600Z,  however,  Abby  began 
to  develop  its  CDO.  Twelve  to  eighteen  hours  later, 
when  the  CDO  feature  became  firmly  established,  Abby 
Slowed  its  forward  -  motion  and  intensified.  As  a 
point  of  interest,  the  band  of  maximum  flight-level 
winds  was  displaced  70  to  120  ran  (I30  to  222  km)  fron 
the  700  mb  center  on  16  Septaitoer  (Figure  3-13-^). 

Abby  reached  its  maximum  intaisity  of  95  kt  (49 
m/sec)  at  18120 OZ.  Twelve  hours  later,  it  swept  past 


the  east  central  portion  of  Taiwan  (Figure  3-13-5) 
with  90  kt  (46  m/sec)  surface  winds  and  torrential 
rains.  As  a  result,  13  people  were  killed;  crop  and 
pixjperty  damage  were  estimated  at  81  millin  dollars. 

T;^oon  Abby  decreased  significantly  in 
intensity  following  its  collisicn  with  Taiwan.  The 
upper--level  circulation  traveled  across  the  island 
while  the  low-level  circulation  moved  up  the  Island’s 
east  coast.  Without  the  upper-level  circulation  and 
supporting  convection,  the  low-level  vortex  weakened 
and  accelerated  toward  the  north-nesrtheast .  At 
201200Z,  the  final  warning  was  issued  on  Abby  as  it 
dissipated  over  the  East  China  Sea. 

In  retrospect,  as  Abby  approached  Taiwan  and 
recurved  there  were  some  data  collection  problenjs. 
Aircraft  reccxuiaissanoe  data  to  support  warnings  was 
limited  due  to  reduced  aircraft  availability,  the 
proximity  of  the  no-fly  line  and  the  rugged  island 
topography.  Determining  the  initial  position  of  Abby 
was  cooplicated  as  a  result. 


Figure  3-13-3.  Tropical  Depression  J3W  without  a 
persistent  central  dense  overcast  (130508Z  September 
NOAA  visual  imagery).  The  wavy  lines  in  the  imagery 
are  due  to  temporary  problems  with  the  tactical  sites 
processing  equ^ment. 
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Figure  3-13-4.  In-flight  700  mb  winds  from  aircraft 
reconnaissance  on  16  September  1986.  Note  the 
stronger  winds  are  displaced  outward  from  the  center  in 
a  band  by  approximately  70  to  120  nm  (130  to  222  km). 


Figure  3-13-5.  Radar  view  of  Typhoon  Abby  as  it 
approaches  eastern  Taiwan,  182300Z  September 
(Hualien,  Taiwan  (WMO  46699)). 


TYPHOON  BEN 

•  KIT  TPIACK  TC-141 
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TIPHaON  BEN  (IW) 


Typiioon  Ben  was  the  second  of  two  tropical 
cyclones  that  reached  warning  status  in  the  western 
North  Pacific  in  September.  Ben  resulted  in  the  loss 
at  sea  of  thlrteai  fishermen  frcm  Saipan,  urtio  had 
sougit  shelta:’,  as  it  passed  by  tiie  island  of  Pagan 
in  the  northern  Mairlanas.  (Hie  tragedy  of  the  lost 
fishermen  at  Pagan  was  that,  althou^  the  advanced 
warning  was  accurate,  the  captain  ^paroitly  decided 
to  leave  Saipan  for  the  northern  islands  anyway.)  It 
was  a  long-lived  typhoon  with  46  warnings  issued 
between  the  19th  and  30th  of  S^tember. 

IVphoon  Ben  developed  frcm  an  area  of  enhanced 
convection  cm  the  I6th  of  S^tember  l65  ran  (306  km) 
southeast  of  Kwajalein  Atoll  in  the  Marshall  Islands. 
It  was  mentioned  for  the  first  time  on  the 
Significant  Tropical  Weather  Advisory  (ABPW  PCUW) 
later  that  day.  A  Tropical  Cyclone  Forecast  Alert 
was  issued  two  days  later,  at  I8I83OZ,  after 
satellite  imagery  (Figures  3-14-1  and  3-14-2) 
indicated  a  rapid  Incirease  in  the  amount  and 
organization  of  convection.  The  Dvorak  intensity 
estimate  was  35  kt  (18  m/sec). 

The  first  warning  on  Ben,  as  Tropical  Depression 
14W,  was  issued  on  the  19th,  valid  at  OOOOZ.  Ben's 


initial  warning  position,  t^ich  was  based  on 
satellite  data,  was  180  ran  (333  km)  north  of  the 
island  of  Pohnpei.  Later,  aircraft  reconnaissance 
data  at  19073OZ  resulted  in  a  I60  ran  (296  km) 
relocation  of  Ben  to  the  northeast  and  ipgrade  from 
trc^ical  d^a?ession  to  trcpical  storm  intensity  on 
the  second  warning. 

Ben's  initial  forecast  track  was 
west-^iorthwestward  with  a  gradual  intensity  increase. 
The  early  forecast  tracks  were  in  close  agreement 
with  dyn^cal  and  statistical  guidance.  This  made 
Ben  an  Immediate  threat  to  the  island  of  Guam. 
However,  Ben  did  not  track  as  forecast,  but  instead 
noved  north-northwestward  until  the  20th  at  O6OOZ; 
after  which  it  began  a  west-northwesterly  track 
towards  the  northern  Marianas. 

Ben  was  fcmecast  to  reach  typAioon  int«i3ity 
between  200600Z  and  210600Z  S^teoiber.  However,  its 
forward  movement  slowed  and  its  intensity  decreased 
to  45  kt  (23  m/sec)  of  maximum  sustained  surface 
winds.  This  decrease  was  due  to  increased  vertical 
shear  from  the  north-northeast.  At  212124Z,  the  deep 
central  convection  became  displaced  southwestward  and 
exposed  the  low-level  circulation  (Figure  3-14-3). 


Figure  3-14-1.  Typhoon  Ben  as  a  tropical  disturbance 
(18225SZ  September  DMSP  visual  imagery). 
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The  central  danse  overcast  had  reestablished 
itself  by  221600Z.  By  the  23th,  Ben  had  increased 
its  forwaird  speed  toward  the  west-northwest  and 
intensified.  It  reached  typhoon  intensity  at  230900Z 
just  five  hours  before  passing  20  nm  (37  km)  south  of 
Pagan  Island  (located  270  nm  (500  km)  north  of  Guam). 
Ben  continued  to  intensify  throu^  250000Z,  when  its 
maxitum  sustained  winds  peaked  at  120  kt  (62  m/sec). 
At  that  time,  its  minimum  sea-level  pressure  (HSLP) 
was  917  mb.  Ben  had  a  circular  eye  *(0  nm  (7*1  km)  in 
diameter  (Figure  3-l*t-*l). 

Forecasts  throu^  250000Z  indicated  a  gradual 
turn  from  northwestward  to  northward,  however,  Ben 
slowed  to  2  kt  (4  km/hr)  by  early  on  the  26th  and 
drifted  slowly  northward  into  a  r^on  of  Increasing 
ipper-level  southwesterlies..  Once  Ben  moved  to  the 
north  of  the  mid-level  subtropical  ridge  axis,  the 
forecasts,  based  on  a  conijlnation  of  dynamic  and 


statistical  aids  for  the  track,  were  more  accurate. 
Acceleration,  after  recurvature,  was  handled  well  by 
the  enpirical  TyjAiocan  Acceleration  Prediction 
Technique  (Weir,  1980). 

As  interaction  with  the  soiithwesterlies  aloft 
increased,  Ben's  central  cloudiness  became  elongated 
north-northeast/south-southwest.  At  2614512, 
aircraft  reconnaissance  indicated  that  the  eyewall 
had  becane  ragged  and  open  to  the  southwest.  The 
MSLP  had  risen  to  946  mb. 

By  280000Z,  Ben's  forward  speed  had  increased  to 
13  kt  (24  km/hr)  and  its  intaisity  had  gradually 
decreased  to  85  kt  (44  m/sec).  The  central 
convection  sheai^  away  and  was  displaced  to  the 
northeast  as  the  intensity  decreased  to  50  kt  (26 
m/sec).  By  the  time  the  final  warning  was  issued  at 
30Q600Z,  transition  to  an  extratropical  systan  was 
complete. 


Figure  3-14-2.  Enhanced  infrared  imagery  of  Ben 
assisted  in  locating  the  areas  of  vigorous  convection 
( 182255Z  September  DMSP  irfrared  imagery). 
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Figure  3-14-3.  Strong  northerly  upper-level  flow 
displaces  convection  to  the  south  of  Ben's  low-level 
circulation  (212124Z  September  NOAA  visual  imagery). 
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Figure  3-14-4.  Two  and  one-ha^  hours  before  Ben 
reached  its  peak  intensity  of  120  kt  (62  m/sec).  A 
circular  eye  40  nm  (74  km)  in  diameter  is  visible 
(242134Z  Septendser  DMSP  visual  imagery). 


92 


yocf _ loy _ ncf  ns*  120*  125*  i3cr  135*  ido* 


94 


TYPHOON  CARMEN  (X5W) 


Typhoon  Carmen  (15W)  vras  the  first  of  five 
significant  tropical  cyclones  that  occurred  in 
October.  Carmen  followed  a  recurvature  track  that 
took  the  system  betveen  Guam  and  Saipan.  Carmen  was 
slow  developing,  but  deepened  rapidly  prior  to 
recurvature.  The  point  of  recurvature  was  935  m 
(1730  km)  east  of  Taiwan.  JTWC's  forecast  statistics 
were  excellent. 

Carmen  spawned  in  an  area  of  convergent  flow 
associated  with  the  near-equatorial  trough  east  of 
the  dateline.  On  270600Z  September,  the  disturbed 
area  that  became  Carmen  was  first  mentioned  on  the 
Significant  Tropical  Weather  Advisory  (ABFW  PGTW)  350 
nm  (6A8  km)  east  of  Majuro  Atoll.  The  poorly 
organized  convection  was  enhanced  by  divergent  flow 
aloft.  At  270000Z,  vdien  the  surface  vorticlty  center 
was  first  noted  on  satellite  imagery,  the  minimum 
sea-level  pressure  (MSLP)  was  estimated  to  be  1009 
mb,  and  the  maximum  surface  winds  10  to  15  kt  (5  to  8 
m/sec).  The  tropical  disturbance's  organization 
remained  poor  for  the  next  four  days. 

A  Tropical  Cyclone  Formation  Alert  was  issued  on 
OII23OZ  October  based  on  a  flare-up  of  cloudiness 
detected  on  the  satellite  imagery.  Because  of  the 
systen's  rapid  development  and  location  330  nm  (6II 
km)  east-southeast  of  Guam,  it  presented  an  immediate 
threat  to  the  island.  The  first  warning  for  Tropical 
Depression  15W  followed  11-hours  later  whai  satellite 
imagery  showed  continued  growth.  Later,  aircraft 
reconnaissance  at  020326Z  fixed  a  low-level 
circulation  center  480  nm  (889  km)  east  of  Guam, 
which  was  a  significant  displacement  from  the  earlier 
satellite  derived  position.  These  data,  which 
included  a  MSLP  of  1001  mb,  maximum  I500  ft  (457 
meters)  winds  of  45  kt  (23  m/sec),  and  maximum 
surface  winds  of  40  kt  (21  m/sec),  led  JTWC  to 
relocate  and  upgrade  Carmen  to  tropical  storm 
intensity.  Initially  Carmen  was  forecast  to  pass 
south  of  Guam.  It  soon  became  evident  that  a  track 
between  the  islands  of  Guam  and  Saipan  was  preferred. 


nz 

12Z 

13Z 

SAIPAN 

PGSN 

WMO  91232 

G41  A 

PKWND  31 

PKWND  31 

ROTA 

6ONM  SW  OF 
SAIPAN 

\) 

PKWND23 

— 

"So 

PKWND  18 

PKWND  45 

X 

ANDERSEN 

PGUA 

WMO  91218 

G37 

^044 

K) 

PKWND39 

G49 

G41 

KT' 

AGANA 

PGUM 

WMO  91212 

G41 

PK  WND45 

G42 

G32 

.xT 

^'PKWND 

46 

Figure  3-15-1.  Synoptic  data  showing  Carmen’s 
passage  between  Saipan  (WMO  91232)  and  the  island  of 
Rota,  which  is  60  nmd  11  km)  southwst  of  Saipan. 


Figure  3-15-2.  Winds  and  heavy  rainskowers  affect 
travelers  on  Guam  on  3  October  (Photo  courtesy  of 
Guam  Publications,  Inc.). 


Carmen  intensified  at  a  slower  rate  than  normal. 
This  “Slow  intensification  was  advantageous  for  the 
Mariana  Islands.  The  maximum  intensity  at  the  time 
of  passage  throu^  the  Marianas  was  only  55  kt  (28 
m/sec)  instead  of  an  expected  77  kt  (40  m/sec).  The 
synoptic  data  (see  Figure  3-15-1)  reflects  Carmen’s 
presence  between  the  islands  of  Rota,  which  is  60  nm 
(111  km)  southwest  of  Saipan,  and  Saipan  (WMD  91232) 
at  O312OOZ.  Automated  weather  reporting  stations 
provided  the  timely  observations  from  Rota  and 
Saipan.  Maximum  wind  reports  from  Saipan  were  31  kt 
(16  m/sec)  with  gusts  to  41  kt  (21  m/sec)  at  031200Z: 
for  Rota,  35  kt  (18  m/sec)  with  gusts  to  53  kt  (27 
m/sec)  at  031500Z;  and  for  Guam  (Figure  3-15-2),  30 
kt  (15  m/sec)  with  gusts  to  40  kt  (21  m/sec)  at 
O3II55Z.  Carmen  did  bring  heavy  rain,  10  to  11 
inches  (254  to  279  mm)  for  Guam,  and  flooding  to  the 
southern  Mariana  Islands,  but  caused  little 
structural  damage  and  no  loss  of  life. 

Aircraft  reconnaissance  at  032350Z,  which 
reported  a  MSLP  of  993  mb  and  estimated  the  maxiiium 
surface  wind  to  be  65  to  70  kt  (33  to  36  m/sec),  led 
JTWC  to  upgrade  Carmen  from  tropical  storm  to 
typhoon.  Aircraft  reconnaissance  at  042355Z  reported 
a  drop  in  MSLP  of  26  nb  to  967  nto  and  at  051510Z 
reported  another  drop  of  28  mb  to  a  MSLP  of  939  mb. 
This  was  a  total  decrease  of  54  mb  or  an  average  of 
1.4  mb/hr  for  39-hour3  (see  Figures  3-15-3,  3-15-4 
and  3-15-5). 

The  forecasts  for  the  reourvature  of  Carmen  were 
excellent.  The  72-hour  forecast  errors  covering 
eight  warnings  (the  third  warning  through  the  tenth) 
were  less  than  80  nm  (148  km).  One  of  the  pieces  of 
data  that  helped  was  a  synoptic  track  requested  and 
flown  on  03  October  from  OOOOZ  to  ,1500Z.  This 
synoptic  track  (see  Figure  3-15-6)  revealed  a 
weakness  at  500  mb  in  the  subtropical  ridge  480  nn 
(889  km)  northwest  of  Guam. 

Typhoon  Carmai  reached  its  maximum  intensity  of 
100  kt  (51  m/sec)  with  gusts  to  125  kt  (64  m/sec)  at 
O5I8OOZ.  Afterward,  cooler,  drier  air  associated 
with  a  mid-latitude  trou^  east  of  Japan,  was 
entrained  into  the  system.  The  aircraft  mission  at 
052306Z  r^xirted  that  the  eyewall  had  become  ragged 
in  the  south  through  nortln^t  segment.  Satellite 
imagery  at  061200Z  confirmed  Carmen  was  being  sheared 
from  the  west  py  strong  uppei>-level  southwesterly 
flow,  which  caused  the  tropical  cyclone  to  become 
elongated  southwest  to  northeast.  By  that  time. 
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Figure  3-15-3.  Typhoon  Carmen  before  rapid 
deepening  and  just  trfter  it  passed  Guam  (040444Z 
October  NO AA  visual  imagery). 


GUAM 


- BELAU 


Figure  3-15-4.  A  mature  Typhoon  Carmen  19-hours 
cfter  Figure  3-15-3  and  rapid  deepening  (050013Z 
October  DMSP  visual  imagery). 
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Carmen  had  already  passed  its  point  or  recurvature. 
At  0700052,  the  aircraft  reconnaissance  reported 
moderate  to  severe  turbulence  in  the  northwest 
quadrant  of  the  system  and  indicated  the  eye  was  no 
longer  presait.  These  were  indicators  of 
extratrcqjical  transition. 

Subsequently,  Typhoon  Carmen  accelerated  in 
forward  speed  to  about  25  kt  (13  m/sec),  while 
maintaining  an  intensity  of  80  kt  (41  m/sec).  After 
recurvature  on  October  7th,  the  VSLP  steadily 
decreased  and  the  winds  renained  nearly  constant.  At 
0716002,  satellite  imagery  indicated  Canttei  had 
acquired  subtropical  characteristics  and  the  maximum 
winds  were  65  kt  (34  m/sec).  A  wind  maxlirun  on  the 
eastern  portion  of  the  trou^  caused  Carmmi  to 
accelerate  toward  the  northeast  faster  than  forecast. 

JTWC  continued  warning  on  Carmen  until  0812002 
iiAien  the  system  coopleted  extratix^ical  transition. 
At  that  time,  extratropical  Carmen  had  60  kt  (31 
m/sec)  maximum  winds  with  gusts  to  75  kt  (39  m/sec) 
and  was  well  north  of  the  tropics. 


Figure  3-IS-5.  Inside  Typhoon  Carmen's  eye.  This 
scene  is  from  die  aircn^  reconnaissance  nUssion  (AF966 
0715  CARMEN)  at  04235SZ.  Compare  the  low  cloud 
spiral  in  this  figure  with  the  remotely  sensed  eye  in 
Figure  3-1S-4  (Photo  courtesy  cf  Captain  Susan  K. 
Watters,  USAF). 


Figure  3-15-6.  The  synoptic  track  from  030000Z  to 
031500Z  October  1986  identifies  a  break  in  the 
subtn^Hcal  ridge. 
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NDCC  6l)W  ilVi/20  (  K»  S  -  80) 


raOPICAL  SroHM  DOM  (16W) 


Figure  3-16-1.  Tropical  Storm  Dom  slowly  developed  from  a  tropical  disturbance  340  nm  (630 
km)  east  of  the  island  of  Samar  in  the  Republic  of  the  Philippines.  It  was  first  detected  on  satellite 
imagery  on  the  2nd  of  October  and  placed  on  the  Significant  Tropical  Weather  Advisory  (ABPW 
PGTW)  as  a  suspect  area  the  same  day.  Dom  struggled  along  for  the  next  six  days  as  it  moved 
west-northwestward  across  southern  Luzon  producing  heavy  rains  and  flooding.  The  flood 
damage  prompted  the  Philippine  Meteorological  Agency  to  begin  warning  on  the  system  prior  to 
JTWC.  JTWC  issued  a  Tropical  Cyclone  Formation  Alert  at  081800Z  when  Dom  displayed 
increased  organization  and  convection  after  entering  the  South  China  Sea.  Surface  winds  at  that 
time  were  estimated  at  15  to  25  kt  (7  to  12  mlsec).  Dom  was  upgraded  to  tropical  storm  intensity 
on  the  first  warning  at  090300Z.  The  warning  was  based  on  aircraft  reconnaissance  reports  of  50 
kt  (26  mlsec)  estimated  maximum  suiface  winds  and  a  minimum  sea-level  pressure  of 1002  mb.  A 
well-established  ridge  located  north  cfDom  provided  strong  mid-  to  upper-level  northeasterly  flow 
caused  Dorn's  convection  to  be  sheared  to  the  west-southwest  of  the  low-level  circulation  center. 
Later,  this  shear,  when  combined  with  the  increasing  interaction  with  the  rugged  terrain  of  central 
Vietnam,  caused  Dom  to  weaken  and  dissipate.  The  last  warning  on  Dom  was  issued  by  JTWC  for 
1I1200Z.  The  satellite  picture  shows  Dom  just  prior  to  the  issuance  of  the  first  warning  (0902 15Z 
October  DMSP  visual  imagery). 
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ITOHOON  ELI£W  (ITW) 


Typhoon  Ellen  was  the  third  cyclone  of  five  that 
develop^  in  the  n»nth  of  October.  It  followed  close 
OTi  the  heels  of  Typhoon  Cansai  (15W)  and  Trqjical 
Stonn  Dom  (16W).  Ellen  prwed  to  be  a  difficult 
system  to  forecast,  particularly  >dien  it  eicountered 
weak  steering  in  the  South  China  Sea.  Ihe  system 
traveled  over  4000  ran  (7408  km)  from  its  inc^tion  on 
the  3rd  of  October  250  ran  (463  km)  east  of  the  Majuro 
Atoll  in  the  Marshall  Islands  to  dissipation  sixteen 
days  later  aloig  the  border  of  southern  China  and 
Vietnam. 

As  Ellen  moved  westward  throu^i  the  Marshalls, 
the  Significant  Ii?qpical  Weather  Advisory  (ABPW  PGTW) 
was  reissued  late  on  the  3rd  of  October,  at  1800Z. 
Uie  disturbance  in  the  monsoon  trou^  had  shotn  signs 
of  improved  convective  organization  on  the  satellite 
imagery. 

Ellen  finally  developed  into  a  tropical 
d^iression  as  it  passed  120  ran  (222  km)  south  of  the 
island  of  Ulithi  in  the  Caroline  Islands  on  9 
October.  Twenty-four  hours  later,  JTWC  Issued  a 
Titqjlcal  Cyclone  Formation  Alert  when  the  disturbance 


again  showed  an  increase  in  organization.  The 
initial  aircraft  reconnaissance  investigative  mission 
found  only  a  weak  circulation  in  a  broad  low-pressure 
troudi  and  estimated  surface  winds  of  10  to  20  kt  (5 
to  10  m/sec). 

By  the  following  morning,  Ellai  had  dianged 
significantly.  Kie  second  aiixa'aft  reconnaissance 
missiCHn  at  110122Z  reported  a  minimum  sea-level 
pressure  of  992  mb  with  estimated  surface  winds  of  45 
kt  (23  m/sec).  JTWC  Inmediately  issued  its  first 
warning  on  Tixs>ical  Storm  Elloi,  valid  at  IIOOOOZ 
(see  Figure  3-17-1). 

Shortly  after  its  development  into  a  tropical 
storm.  Ellen  moved  throu^  the  the  central  Philippine 
Islands.  Only  a  modest  weakening  to  40  kt  (21  m/sec) 
resulted  during  the  24-hours  it  took  to  make  the 
passage. 

l43on  entering  the  South  China  Sea  cn  the  morning 
of  the  12th,  Ellen  turned  northward  into  a  r^icn  of 
weak  steering  current  and  slowed  in  forward  speed. 
At  that  point,  most  of  the  statistical  and  dynamic 
forecast  guidance  predicted  the  tropical  cyclone 


Figure  3-17-1.  Tropical  Storm  Ellen  at  the  time  of  the 
second  aircrcft  recomuussance  mission  that  found  45  kt 
(23  m/sec)  surface  winds  and  a  minimum  sea-level 
pressure  of  992  mb  (110134Z  October  DMSP  visual 
imagery). 
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would  recurve.  Ihls  was  the  forecast  fiiilosqahy  that 
was  followed.  Later  the  One-^»ay  Interactive  Tropical 
Cyclone  Model  (OTCM)  changed  to  a  more  northwesterly, 
and  eventually,  westa’ly  track.  JTOC  stayed  with  the 
recurvature  forecast  until  the  l6th  irtien  the  Typhoon 
made  a  definite  turn  toward  the  west.  Aircraft 
reccnnaissanoe  data  provided  this  critical 
information.  The  three  hourly  movement  between  the 
intermediate  and  on-time  vortex  fix  positions 
confirmed  that  Ellen  was  headed  northwest  and  not 
northeast.  In  retrospect,  the  low-level  surge  fron 
the  northeast  across  the  Yellow  Sea,  Taiwan,  and 


later,  the  south  coast  of  China  pressured  Ellei 
northwestward . 

After  reaching  a  peak  intensity  of  80  kt  (41 
m/sec)  on  the  14th  (Figure  3-17-2).  the  vertical 
shear  from  the  westerlies  remained  too  weak  to  shear 
away  the  central  convection  and  Ellen  maintained 
tropical  storm  intensity  almost  until  landfall 
northeast  of  the  island  of  Hainan.  Figure  3-11-3 
provides  a  radar  view  of  the  rainbands  as  the  system 
passed  south  of  Hong  Kong  on  the  I8th.  There  were  no 
reports  received  of  heavy  damage  or  loss  of  life 
attributed  to  Ellen. 


Figure  3-17-2.  Weak  vertical  wind  shear  over  the 
South  China  Sea  enabled  Ellen  to  intensify  into  a 
typhoon.  Its  large  eye  is  visible  to  the  west  of  the  island 
of  Luzon  (150153Z  October  DMSP  visual  imagery). 
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Figure  3-17-3.  A  digital  radar  picture  of  Tropical  Storm 
Ellen  as  it  passed  south  of  Hong  Kong  on  the  18th  cf 
October  at 0640Z  (Picture  provided  courtesy  tfthe  Hong 
Kong  Royal  Observatory). 
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<«  *  s  Nil )  02/ai(  wra  JW 


TlfPHCXW  FORREST  (18w; 


Typhoon  Forrest  was  the  second  trtqsical  cycl<me 
to  begin  east  of  the  dateline  and  move  westward  into 
the  western  North  Pacific-  Forrest  was  a  classic 
recurver  and  a  small,  ccopact  system.  Hie  track  and 
intensities  were  well  forecast  with  the  exc^lon  of 
the  intensities  being  a  little  low  through  the  first 
half  of  Forrest's  life.  An  interesting  point  to  note 
about  this  system  is  that  the  ipper-level  vcM^tex 
appeared  to  develop  first  and  then  built  dowmard  to 
the  surface.  Post-analysis  of  synoptic  and  aircraft 
reconnaissance  data  indicates  the  stronger  upper-  and 
mid-level  winds  did  not  begin  to  reacii  the  surface 
until  after  the  I4th  of  OctcAier. 

On  9  October,  personnel  at  Detachment  1,  1st 
Weather  Wing,  Satellite  Operations  first  detected 
Forrest  on  satellite  imagery  as  an  area  of  poorly 
organized  convection  in  the  trade  wind  trou®»  600  nm 
(1111  km)  east  of  the  Marshall  Islands.  Over  the 
next  18-hours  the  convection  began  to  slowly  increase 
in  organization.  Once  across  the  dateline,  it  was 
first  discussed  on  Uie  Significant  Tropical  Weather 
Advisory  (ABPW  PGflW)  at  1006002.  At  that  stage,  the 
amount  of  convection  began  to  decrease,  but  a  small 
cyclonic  vcrticity  center  remained.  Over  the  next 
48-hours,  Forrest  ranained  in  a  region  where  the 
upper-level  environment  was  unfavorable  for 


develcpnent.  As  a  result,  it  renained  poorly 
organized  and  continued  moving  west-northwestward, 
sparse  synoptic  data  Indicated  the  minimmi  sea-level 
pressure  (MSLP)  was  approximately  1008  mb  and  the 
maximum  sustained  surface  winds  were  10  to  20  kt  (5 
to  10  m/sec). 

The  orientation  of  low-level  clouds  on  the 
visual  satellite  imagery  at  1200002  revealed  a  broad 
circulation  center  in  the  western  quadrant  of  deep 
convection  located  320  nm  (593  km)  east  of  the  Bikini 
Atoll  in  the  Marshall  Island  Ocoup.  The  intensity 
was  estimated  to  be  25  kt  (13  m/sec).  later,  at 
1218002,  Forrest  demonstrated  continued  growth.  This 
fMTCBpted  reissuance  of  the  AMW  PGTW  at  1220002  to 
ipgrade  Forrest's  potential  for  development  to  fair. 
This  trend  towards  Increased  organization  (Figure 
3-18-1)  continued  and  resulted  in  a  Tropical  Cyolcaie 
Formation  Alert  (TCPA)  at  1320002.  The  first 
aircraft  reconnaissance  investigative  mission  flown 
into  the  disturbance  on  the  14th  of  October  found 
multiple  low-level  circulation  centers,  a  MSLP  of 
1008  mb,  maximum  winds  of  10  to  25  kt  (5  to  13  m/sec) 
near  the  vortices  and  30  kt  (15  m/aec)  displaced  to 
the  north.  The  TCFA  was  reissued  at  1420002,  since 
supporting  data  did  not,  as  yet,  necessitate  a 
wanting. 


Figure  3-I8-I.  Typhoon  Forrest  organizing  over  the 
Marshall  Islands  (1223JIZ  October  DMSP  visual 
imagery). 
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Aircraft  reconnaissance  on  the  15th  found  a 
single  circulaticm  center;  the  MSLP  had  dropped  to 
1002  -mb  and  maxiaum  -winds  were  25  kt  (13  m/sec) .  The 
(Dvorak)  satellite  intoisity  estimate  at  151to0Z  of 
45  kt  (23  m/sec)  prcnpted  the  first  warning.  The 
warning  at  151to0Z  for  Tropical  Depression  18W, 
however,  only  mentioned  maximum  sustained  winds  of  30 
kt  (15  m/sec).  The  lower  inta^sity  on  the  warning 
was  caused  by  the  Typhoon  Duty  Officer  placing  more 
weight  CXI  the  earlier  aircraft  reconnaissance 
information  than  the  Dvorak  analysis  of  infrared 
satellite  imagery.  Subsequent  aiicraft 
reconnaissance  at  152126Z,  however,  proved  otherwise. 
They  reported  maximum  winds  to  be  55  kt  (28  m/sec) 
with  a  MSLP  of  988  nto  and  a  closed,  but  thin, 
eyewall.  At  160009Z,  the  aircraft  observed  80  kt  (41 
m/seo).  Figure  3-18-2  shows  the  stronger  winds  in 
the  north  semicircle  of  Forrest  indicative  of  the 
tighter  pressure  gradient  between  the  low  pressure 
center  and  the  subtropical  ridge.  The  1600002 
warning  upgraded  Forrest  from  tropical  depression  to 


typhoon  Intensity  with  maxlTwin  sustained  surface 
winds  of  65  kt  (33  m/sec).  In  retrospect,  the 
initial  warning  was  tcx>  conservative  and  the 
forecasters  had  waited  too  long  for  the  aircraft 
reccxxialssance  to  confirm  the  strong  develc^xaent 
indicated  by  the  satellite  data. 

While  moving  northwestward  at  16  to  18  kt  (30  to 
33  km/hr)  over  the  next  24-hours,  Forrest  rapidly 
deepened.  Nighttime  aircraft  reconnaissance  on  the 
l6th  indicated  Forrest  had  continued  to  deepen 
repidly  as  the  700  mb  heights  fell  70  meters  in  less 
than  -three  hours.  Dvorak  intensity  estimate  on 
satellite  imagery  at  16160OZ  indicated  Forrest 
contained  winds  of  102  kt  (53  m/sec),  ^y  1621052  the 
700  nt>  heights  had  drepped  by  219  meters  from  2840 
meters  to  2621  meters.  The  MSLP  was  946  n^. 
Satellite  imagery  arxi  aircrad’t  intensities  were  in 
agreement,  that  Forrest  had  deepened  rapidly  over  a 
very  short  time  period,  Forrest  peaked  at  its 
maxinum  intensity  of  100  kt  (51  m/seo)  at  170000Z 
(Figure  3-18-3).  Two  hours  before  this  peak 


Figure  3-18-2.  Plot  of  cdrcrt^recormassance  date  from 
152126Z  to  160009Z  October  showing  higher  wind 
speeds  to  the  north  and  east  of  the  cyclone  center. 
"MFW  represents  the  maximum  observed  flight-level 
winds  and  "MSW"  represents  the  maximum  observed 
surface  winds. 
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Figure  3-18-3.  Typhoon  Forrest  at  mwdmum  intensity 
of  100  kt  (51  mtsec)  with  a  small  eye.  With  the  sun  low 
in  the  east,  the  cloud  top  topography  is  striking 
(162029Z  October  DMSP  visual  imagery). 
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Figure  3-18-4.  The  thin  cirrus  clouds  in  the  west 
semicircle  indicate  die  beginning  cftheendfor  Forrest  as 
it  was  becoming  influenced  by  the  stronger  mid-  to 
upper-level  westerly  flow.  A  short  time  later,  Forrest 
began  to  move  r^idiy  northeastward  (I80S36Z  October 
NOAA  infrared  imagery). 
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intensity,  the  Island  of  Agrlhan  (located  in  tdie 
northern  Marianas  270  na  (500  km)  nortii  of  Guam)  bore 
the  brunt  of  Typhoon  Forrest  as  it  passed  10  nn  (19 
km)  to  the  south.  Fortunately,  the  Island's  25 
residents  received  no  injuries  even  though  only  one 
building  was  left  standing  and  two-way  comiunlcations 
were  destroyed.  On  the  21st  of  October,  the  Navy  and 
Coast  Guard  Joined  forces  and  airlifted  1000  pounds 
of  canned  food,  medical  supplies  and  a  two-way  radio 
to  the  islanders. 

At  maximum  intensity  and  Just  prior  to 
recurvature,  Forrest  started  elongating  southwest  to 
northeast  and  slowed  to  5  kt  (9  km/hr).  JTWC  had 
been  expecting  Forrest  to  recurve  due  to  the  break  in 
the  ridge  since  the  first  warnings  on  the  system. 
The  dynamic  forecast  aids  were  cilso  in  good  agreement 


in  this  regard.  The  One-Way  Interactive  Tropical 
Cyclone  Model  (CTCH)  provided  the  best  guidance  for 
speed  and  the  Nested  Tropical  Cyclone  Model  (NTCM) 
had  the  best  handle  on  direction. 

Over  the  next  30-hours,  Forrest  began  to  very 
gradually  weaken  as  it  moved  slowly  around  the 
western  end  of  the  subtropical  ridge  and  started 
moving  northeastward.  Figure  3-18-^  shows  Forrest's 
outflow  restidicted  to  the  west  due  to  the  increasing 
westerlies  aloft.  By  191200Z,  the  system  was 
beginning  to  accelerate  ncrtheastward  at  23  kt  (*»3 
km/hr).  Forrest  conpleted  transition  to  an 
extratropical  cyclone  and  the  final  warning, 
indicating  55  kt  (28  m/sec)  intensity,  was  Issued  at 

2ooeooz. 
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nxt&m  3142/20 


TROPICAL  STORM  fflORGIA  (19W) 


Typiiocxis  Ellen  (17W)  and  Forrest  (18W)  wsre 
already  in  progress,  wh«i  Tropical  Stem  Georgia 
formed  in  the  monsocn  trough  east  of  the  Riilippine 
Islands.  The  convective  activity  in  the  trough  b^an 
to  increase  on  the  14th  of  October,  however  it  did 
not  consolidate  until  the  I8th. 

First  menticn  of  Georgia  as  a  tropical 
disturbance  was  c*i  the  Significant  Tropical  Weather 
Advisory  (ABFW  PGTW)  of  140600Z.  For  the  next  four 
days,  the  large  area  of  convection  remained 
disorganized.  By  17  October,  satellite  imagery  (at 
O3OOZ)  indicated  increased  convective  curvature  and 
the  (Dvorak)  intaisity  estimate  increased  to  25  kt 
(13  m/sec).  Aircraft  reconnaissance  later  in  the  day 
closed  off  a  weak,  broad  circulation  center  in  the 
Riilippine  Sea  345  nm  (639  km)  northwest  of  Belau  at 


17065 5Z.  A  Tropical  Cyclone  Formation  Alert  was 
issued  at  170821Z  based  on  these  data. 

The  (Dvorak)  analysis  of  satellite  imagery  at 
I8OO52Z  estimated  a  maximum  wind  of  30  kt  (15  m/sec) 
(Figure  3-19-1).  Aircraft  i^oamaissance  in  the  area 
at  18054 3Z  estimated  surface  winds  of  45  kt  (23 
m/sec)  with  a  minimum  sea-level  pressure  of  991  nh. 
Based  on  the  information  provided  by  the  aircraft 
recoinaissanoe  crew,  the  first  warning  followed  for 
Tropical  Storm  Geor^a,  valid  at  I8O6OOZ. 

At  I8I8OOZ,  Georgia  struck  the  central 
Riilippine  Islands  with  maximum  winds  of  55  kt  (28 
m/sec).  The  tropical  cyclone  weakened  to  35  kt  (18 
m/sec)  during  the  l6-hours  it  to<Sc  to  traverse  the 
rugged  central  Philippine  Islands.  During  this  time, 
Georgia  was  forecast  to  remain  south  of  the  ridge  and 


Figure  3-19-1.  Georgia  with  (Dvorak)  estimated  winds 
of  30  la  (IS  ml  sec).  Georgia  was  part  of  a  multiple 
tropical  cyclone  outbreak  that  occurred  in  mid-October. 
Typhoon  Forrest  (18W)  is  located  to  the  northeast  of 
Tropical  Storm  Georgia  on  this  satellite  image.  Typhoon 
Ellen  (I7W)  was  in  the  northern  South  China  Sea  and 
not  visible  on  tius  pass  (100052Z  October  DMSP  visual 
imagery). 
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then  move  norttmestward  toward  the  island  of  Hainan. 
Die  forecast  was  in  close  agreement  with  the  foivcetst 
aids  for  180000Z  through  I8I8OOZ  which  pareill^ed  the 
low-  to  midr-level  steering  flew  to  the  ncaTthwest. 
However,  mid-level  pressure  surface  heists  rose 
across  the  northern  South  China  Sea  in  the  vate  of 
IVlhoon  Ellen  (17W),  ihicb  had  moved  westward  along 
the  southern  coast  of  mainland  China.  Die  200000Z 
warning  reflected  a  change  in  forrcast  philosoptv  and 
the  track  became  more  westerly  with  landfall  in 
central  Vietnam. 


Upon  entering  the  South  China  Sea,  Georgia  began 
to  slowly  reintensify.  The  final  aircraft  fix 
mission  flew  into  Georgia  on  the  21st.  On  that 
flight,  the  reconnaissance  aircraft  reported  severe 
turbulence  in  the  convection  surrounding  Georgia's 
cKiber  (Figure  3-19-2).  For  the  12-hours  prior  to 
making  landfall,  Georgia’s  winds  reached  50  kt  (26 
m/sec).  The  final  warning  was  Issued  for  Trcpical 
Storm  Georgia  at  211800Z  as  the  system  made  landfall 
and  interacted  with  the  rugged  Annamltlque  mountains 
of  central  Vietnam. 
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Figure  3-19-2.  Tropical  Storm  Georgia  after 
reintens^ing  in  the  South  China  Sea.  The  system  made 
Uuu^all  18-hours  later  and  dissipated  over  the  rugged 
mountains  of  Vietnam  (2100I8Z  October  NOAA  visual 
imagery). 
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mCCSUW  3142/20 


raOPICAL  STOIW  HEIiBERr  (20W) 


Figure  3-20-1.  Herbert,  as  a  tropical  disturbance,  tracked  from  east  of  the  dateline  across  the 
western  North  Pacific,  Phiiippine  Sea  and  into  the  central  Philippine  Islands  before  reaching 
tropical  storm  intensity.  The  Significant  Tropical  Weather  Advisory  (ABPW  PGTW)  r^erred  to 
this  disturbance  for  a  period  often  days  (290600Z  October  to  070600Z  November).  The  (drove 
NOAA  imagery  shows  Tropical  Storm  Herbert  near  its  maximum  intensity  tf60  kt  (31  mlsec).  On 
this  specialty  enharxed  iifrared  image  note  the  smedl  warm  spot  in  the  centr^  dense  overcast  which 
is  the  eye.  In  the  South  China  Sea,  the  strongest  winds  associated  with  Herbert  persisted  in  the 
northeastern  semicircle  due  to  interaction  with  the  northeast  monsoonal flow  from  Asia.  (092344Z 
November  NOAA  irfrared  imagery)  . 
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TROPICAL  Sicm  IDA  (2iw; 


'Q:x)plcal  Stonn  Ida  was  the  second  of  four 
tropical  cyclones  to  develop  during  the  month  of 
November.  This  trcpical  cyclone  presented  unique 
forecast  problems  for  JTWC  as  it  interacted  with 
strong  northeasterly  low-level  flow  near  the  coast  of 
China. 

Ida  was  first  detected  as  a  tropical  disturbance 
in  the  near-equatorial  trou^  on  6  Novecber. 
Satellite  and  synoptic  data  indicated  an  v^jper-level 
anticyclone  was  pres^tt,  but  only  a  weak  circulation 
existed  near  the  surface.  It  was  mentioned  cm  the 
O606OOZ  Significant  Tropical  Weather  Advisory  (ABPW 
PGTW).  By  9  Novenber,  the  ipper-level  circulation 
was  located  near  an  area  of  broad-scale  westerly  flow 
approximately  ^00  nm  (926  km)  south  of  Guam, 
libpical  Storm  Herbert  (2CW)  and  Typhoon  Joe  (22W) 
also  developed  In  this  same  genesis  area  during  the 
first  half  of  the  month.  The  excess  cyclonic 
vorticity  created  by  easta-ly  winds  south  of  the 


subtropical  ridge  and  westerly  winds  near  the  equator 
enhanc^  development  of  the  low-level  circulation 
over  the  next  24-hours.  Satellite  imagery  at  10ai29Z 
revealed  a  partially  eiqposed  low-level  circulatlMi 
center  (Figure  3-21-1),  pironpting  the  Issuance  of  a 
Itxjpical  Cyclone  Fonnatlon  Alert,  valid  at  IOO6OOZ. 
Intense  convection  developed  in  the  northeast 
quadrant  during  the  evening  hours  of  the  10th.  The 
first  warning  on  Ida,  valid  at  IOI8OOZ,  was  based  on 
a  satellite  analysis  of  36  kt  (18  m/sec)  winds  using 
the  Dvorak  technique.  Synoptic  data  Indicated  that 
Trcpical  Storm  Ida  lost  its  vqjper-level  anticyclone, 
the  main  synoptic  feature  of  its  developmmit,  shortly 
after  the  first  warning  was  Issued.  Aircraft 
reconnaissance  flown  on  the  morning  of  the  11th  found 
a  nrlnliaan  sea-level  pressure  (MSLP)  of  1004  mb,  or 
the  equivalent  of  21  kt  (11  m/sec)  on  the 
Atkinson-Holliday  wind/pressure  relationship. 

In  retrospect,  the  first  warning  may  have  been 


Pifftre  3-21-1.  Tropical  Storm  Ida  in  the  formative 
stage  of  development.  Convective  bands  in  the  northern 
and  western  quadrants  describe  the  upper-level 
anticyclone  outflow  that  exists  over  the  tropical 
disturbance  (100129Z  November  DMSP  visual 
imagery). 
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issued  prematurely  without  eiou^  data  from  synoptic 
and  aircraft  recoinaissance  data  to  sipport  an 
upgrade  to  tropical  storm  intensity.  The  initial 
warning  was  based  satellite  analysis  of  a  rapidly 
developing  cloud  system,  which  later  proved  to  be 
inaccurate. 

Tropical  Storm  Ida  gradually  intensified  as  it 
approached  the  Philippine  Islands.  Aircraft 
reconnaissance  at  120223Z  found  a  MSLP  of  990  mb,  or 
a  drop  Of  14  mb  in  24-hours.  Ida  accelerated  as  it 
traversed  the  Philippines  and  weakened  slightly  due 
to  orographic  effects.  It  followed  nearly  the 
identical  track  through  the  islands  as  Tropical  Storm 
Herbert  (20W)  just  six  days  earlier.  Ida  regained 
tropical  storm  intensity  shortly  after  eitering  the 
South  China  Sea  and  reached  its  peak  intensity  of  55 
kt  (28  m/sec)  early  on  the  15th  (see  Figure  3-21-2). 

At  this  point  Ida  was  influenced  by  the 
northeast  monsoon  winds  off  of  mainland  China.  The 
One-Way  Interactive  Tropical  Cyclone  Model  (OTCM) 
indicated  the  cyclone  would  continue  its  northward 


track  for  approximately  24-hours.  JIVC  forecasts 
followed  this  prognostic  reasoning.  Post-storm 
analysis  indicated  that  Ida  attenpted  to  recurve 
around  the  subtropical  ridge  as  the  upper-level 
circulation  sheared  off  to  the  northeast.  However, 
the  low-level  circulation  drifted  eastwaib  in 
apparent  opposition  to  the  surface  wind  flow.  The 
cold  air  feeding  into  Ida  caused  it  to  undergo  rapid 
extratropical  transition.  Also,  the  cold  air  behind 
the  mid-level  trou^  just  rx>rth  of  Tropical  Storm  Ida 
merged  with  the  warm  air  advected  northward  by  the 
tropical  cyclone,  leading  to  the  strengthening  of  the 
frontal  boundary  off  the  China  coast.  Ida  became 
embedded  in  this  frontal  boundary.  The  final  warning 
was  issued  at  160217Z.  No  loss  of  life  or 
significant  property  damage  was  attributed  to  Ida. 

The  low-level  eddy,  which  was  the  remnant  of 
Ida,  separated  from  the  frontal  boundary  on  17 
November  and  drifted  southwestward  in  the  South  China 
Sea  with  the  gradient-level  flow.  It  persisted  as  a 
vortex  on  visual  satellite  imagery  until  19  November. 
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Figure  3-21-2.  Tropical  Storm  Ida  near  maximum 
intensity  in  the  South  China  Sea  (150129Z  November 
DMSP  visual  imagery). 
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TJfPHOOK  JOE  (.22V) 


Typhoon  Joe  was  the  t^rd  of  four  tropical  The  initial  aircraft  vortex  fix  mission  ett  0213Z 
cyclones  to  i^ch  Maming  status  in  the  month  of  on  the  I8th  located  a  30  kt  (13  m/sec }  low-level 
Novenher.  As  a  tropical  disturbance,  Joe  became  circulaticxi.  The  extrapolated  mLniaun  sea-level 
evident  on  satellite  imagery  on  the  12th.  JWC  paressure  (MSLP)  was  1003  nibitih  normally  supports 
mentlcxied  it  for  the  first  time  on  the  Significant  less  than  30  kt  (13  m/sec)  wlids  (Atkinson  and 
Ti?opical  Weather  Advisory  (ABPW  POrw)  when  it  Holliday,  1978).  Ety  181800Z,  however,  satellite 
ai^peared  as  an  area  of  enhanced  convective  activity  imagery  indicated  Increased  develcHxaant  and  the  first 
423  nn  (787  km)  south  of  Guam  at  120600Z.  The  amount  warning  was  issued  on  Trc^ical  Defaression  22W.  A 
of  convection  and  organization  (Figure  3-22-1)  circular  eye  13  nn  (28  km)  in  diameter  was  first 
Increased  very  slowly  as  it  moved  west-northwestward.  observed  by  air<a*aft  reconnaissance  at  190046Z.  Some 
Synoptic  data  during  this  petriod  indicated  a  weak  elongation  nortiv-northeast/south-nsouthwest  was 
low-level  cyclonic  circulation.  Qipet^level  data  ^parent  on  satellite  Imagery  by  191800Z  as  Joe  began 
indicated  divergent  flow  aloft.  The  coitral  to  intorect  with  a  mid-latitude  trougp  passing  to  the 
convection  began  to  consolidate  and  a  Tropical  north.  Three  hours  later,  aircraft  recomalssanoe 
cyclone  Formation  Alert  (TCFA)  was  issued  at  172^1Z.  reported  that  Joe's  eye  had  become  elliptical  and  the 
Satellite  intensity  analysis  shortly  after  the  TCFA  MSLP  bad  decreased  to  976  mb.  Typhoon  intensity  was 
issuance  indicated  surface  winds  of  35  kt  (18  m/sec).  reached  between  191800Z  and  20(X>(X)Z  as  Joe  begw  to 


Figure  3-22-1.  Typhoon  Joe  as  an  area  of  enhanced 
convection  south  of  Guam  (140008Z  November  DMSP 
visual  imagery). 


move  northward  arcjund  the  periphery  of  the 
subtropical  ridge  to  its  east  (Figure  3-22-2). 

Ihe  first  warning  (181800Z)  forecast  Joe  to  move 
northwestward,  Just  over  the  northeast  comer  of  the 
island  of  IjUzco  in  the  Ptepublic  of  the  Riilippines. 


Bie  second  throu^  fifth  warnings  (frcm  190000Z  to 
191800Z)  forecast  a  more  westward  track  for  Joe. 
Biese  forecasts  relied  heavily  on  the  dynamic 
guidance  of  the  One-way  Interactive  Tropical  Cyclone 
Model  (OTCM)  which  indicated  west-northwestward 


Figure  3-22-2.  TyphoonJoe  brushes  by  eastern  Luzon 
(200128Z  November  DMSP  visual  imagery). 
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ttovenient  of  Joe  across  central  Luzon.  However,  the 
OTGM  persisted  in  forecasting  westward  movenent  as 
late  as  231200Z,  three  days  after  Joe  had  assuaed  a 
northerly  track.  This  could  possibly  have  been  due 
to  the  model's  inability  to  adequately  handle  the 
Interactions  between  the  typhoon  and  the  strong 
northeasterly  low-level  flow  fran  Asia.  JTWC  broke 
with  the  faulty  CfTCM  guidance  after  the  fifth  warning 
and  correctly  forecast  recurvature. 

A  ragged  eye  first  became  visible  on  satellite 
imagery  at  0128Z  on  20  November.  Typhoon  Joe 
continued  to  intensify,  even  as  the  strength  of  the 
mid-  to  ipper-level  southwesterly  flow  increased 


aloft.  Joe  continued  to  intensify  and  reached  a  peak 
of  100  kt  (51  m/sec)  maximum  sustained  surface  winds 
at  210600Z. 

As  Joe  continued  to  move  northward  around  the 
western  end  of  the  subtropical  ridge,  the  vertical 
shear  on  the  system  increased.  The  result  was  Joe's 
ipper-level  outflow  became  displaced  to  the  northeast 
of  the  low-level  leaving  the  exposed  low-level 
circulation  behind.  The  final  warning  was  issued  at 
2^1200Z,  since  Joe  no  longer  retained  any  persistent 
central  convection.  Oily  the  residual  low-level 
circulation  persisted  and  was  still  evident  on 
imagery  throu^  242318Z  (Figure  3-22-3). 


Figure  3-22-3.  By  24  November,  a  residual  low-  level 
circulation  was  all  that  remained  of  Joe  (2423 18Z 
November  NO AA  Visual  imagery). 
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SUPER  TYPHOON  KIM  (23W) 


Super  Typhoon  Kim  was  a  •taidget"  tropical 
cyclone  that  produced  sustained  winds  of  135  kt  (69 
m/sec)  with  easts  to  I65  Kt  (85  m/sec)  and  attained  a 
mlnifflum  sea-level  pressure  (HSIf }  of  905  nb.  It  was 
the  fourth  significant  tropical  cyclone  that  began  in 
Novenber,  and  was  the  first  of  four  significant 
trt^ical  cyclones  in  the  month  of  Decenber.  Kim  was 
the  third  super  typhoon  of  the  year  and  the  first 
Decenber  super  typhoon  in  twenty-two  years  since 
S\q>er  Typhoon  Op^  (Decenber  1964).  Fifty-ttno 
warnings  were  issued  on  Kim  -  more  than  any  other 
trc^ical  cyclone  in  1986  exc^t  for  Tyi*ocns  Vera 
(UW)  and  Wayne  (12W).  Ihirty  aircraft 
reconnaissance  missions  were  flown  on  Kim.  the  most 
for  any  tropical  cyclone  in  1986.  Included  in  these 
missions  were  five  synoptic  tracks  and  45  center 
fixes.  The  infonnation  provided  by  the  aerial 
reconnaissance  platform  was  quite  essential  as  Kim 
presented  JIWC  with  track  forecast  problems  at  three 
different  times. 

Kim  began.  Innocently  «iou^,  as  a  broad  poorly 
organized  area  of  convection  near  the  dateline  on  the 
26th  of  Novenber.  When  convection  persisted  for 
24-4iours,  JTWC  first  mentioned  it  on  the  Significant 
Tropical  Weather  Advisory  (ABPW  PGTW)  at  270600Z. 
Maximum  sustained  winds  were  estimated  at  10  to  20  kt 
(5  to  10  m/sec)  and  the  MSLP  was  estimated  at  1006 
mb.  Over  the  next  15-^iours.  outflow  and  convection 
Increased  significantly.  Upper-level  outflow  was 
unrestricted  in  all  quadrants  and  an  upper-level 
anticyclone  became  well-established  over  the  surface 
circulation  center.  The  MSLP  was  estimated  at  1005 
nb.  For  these  reasons  JTWC  issued  a  Tropical  C^cl«ie 
Formation  Alert  (TCPA)  at  272130Z,  when  the  system 
was  located  about  360  im  (667  km)  east  of  Fohrpei. 
Just  nine  hours  later,  at  2806OOZ,  JTVC  issued  the 
first  warning  on  Tropical  Depression  23W  based  on  a 
(Dvorak)  intensity  estimate  of  35  kt  (18  m/sec).  At 
281200Z,  JTWC  upgraded  Topical  Depression  23W  to 
Topical  Storm  Kim  based  on  ccaitlnued 
intensification. 


At  290126Z.  the  first  aircraft  reconnaissance 
mission  closed  off  the  surface  circulation  center  145 
m  (269  km)  north-northeast  of  Pohipei.  The  Aerial 
Reconnaissance  Weather  Officer  r^xrrted  that  an 
elliptical  ^e  was  beginning  to  form,  which  was  open 
to  the  northwest.  This  first  penetration  found 
maxinum  700  mb  winds  of  65  kt  (33  m/sec)  and  a  700  nb 
height  of  2921  meters,  ibich  correqxinds  to  an  MSLP 
of  about  980  nb.  The  second  penetraticxi.  90  minutes 
later,  reported  maximiin  surface  winds  of  80  to  85  kt 
(41  to  44  m/sec).  The  290600Z  warning  ipgraded  KLm 
to  typhoon  status. 

From  2618OOZ  throu^  291200Z  (warning  mxiber  6) , 
Kim  tracked  toward  the  west-ncn^hwest  following  a 
basic  under-the-ridge  scenario.  At  291800Z,  the 
eastward  movement  of  a  mid-latitude  trough  weakened 
the  subtiK^ical  ridge.  This  caused  Kim  to  move 
northwestward.  The  weakness  in  the  ridge  was 
misinterpreted  by  JTWC  as  a  "break'*  in  the  ridge.  At 
OlOOOOZ,  JTWC  cdtered  Kim’s  forecast  track  from  an 
under-the-ridge  scenario  to  a  throu^the-ridge 
scenario  based  on  this  break.  Kim's  track  (banged 
from  antlcyclonic  to  cyclonic,  as  Kim  continued  to 
trac^  toward  the  northwest.  As  Kim  reached  the 
inflection  point,  it  began  to  intensify  at  a  rate 
subtly  gr^er  than  expected  from  the  normal  Dvorak 
curve  of  one  "T-nuBber"  per  day.  Kim's  Intensity 
increased  from  85  kt  (44  m/sec)  at  OlOOOOZ  to  135  kt 
(69  m/sec)  by  022100Z. 

The  first,  of  three.  nBjor  tracdc  forecasting 
problems  arose  when  aircraft  recomalssanoe  at 
021105Z  verified  prior  satellite  imagery  indications 
that  Kim  was  moving  westward.  The  mid-level  ridge  to 
the  north  strengthened  as  the  low-  to  mid-level 
trough  moved  off  to  the  east.  Because  of  the 
significant  forecast  track  change  on  Kim.  an 
abbreviated  warning  message  was  sent  out  at  022100Z. 
since  Kim  immediately  became  a  threat  to  Saipan. 

At  about  03040OZ,  Super  Typhoon  Kim,  with  its 
peak  winds  of  135  kt  (69  m/sec),  passed  about  18  im 
(33  km)  to  the  iKorth  of  Saipan.  Kim  inflicted 


Figure  3-23-1 .  One  of  the  many  downed  telephone 
poles  leans  against  a  shoe  store  in  Garapan,  the  major 
city  of  Saipan,  in  the  (tftermath  of  Kim  (Photo  provided 
courtesy  of  Guam  Publications,  Inc.). 
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substantial  damage  to  Saipan,  leaving  the  entire 
Island  vrlthout  electricity  and  water.  An  estimated 
one-third  of  all  power  poles  were  down  (see  Figure 
3-23-1),  hundreds  of  people  were  left  hcmeless,  14 
people  were  injured,  mainly  due  to  flying  glass,  and 
one  (heart  attack)  fatality  was  reported.  Damages 
(Figvre  3-23-2)  were  estimated  at  about  15  million 
dollars  by  the  Governor  of  Saipan.  A  team  of  U.S. 
Navy  Construction  Battalion  personnel  (Seabees), 
eigineers  from  the  U.S.  Navy  Public  Worics  Center 
(Guam)  and  electrical  generators  were  sent  to  Saipan 
to  get  the  Island's  essential  power  system  back 
on-line. 

Kim  continued  tracking  westward  until  040000Z 
(Figure  3-23-3).  Afterward,  It  began  moving 
northwestward.  this  presaited  the  second  major 
forecasting  problan  with  Kim.  JWC  had  followed  the 
ftie-Way  Interactive  Tropical  Cyclone  Model  (OTCM) 
guidance  and  repeatedly  forecast  recurvature.  A 
synoptic  track  flown  between  040500Z  and  041200Z 
indicated  a  "break"  in  the  subtropical  ridge 
eqjproximately  135  nm  (250  km)  southwest  of  Iwo  Jima. 
The  forecast  looked  good,  but  for  the  second  time  an 
unforecasted  major  directional  change  in  the  track 


occurred.  Once  again,  this  was  not  a  "break"  in  the 
ridge,  but  merely  a  weakness  that  would  cause  the 
tropical  cyclone  to  take  a  "step"  toward  the 
northwest  and  then  return  to  a  the  westward  track;  as 
the  mid-latitude  trough  moved  north  and  then  east  of 
the  system. 

At  071200Z,  Kim  abruptly  changed  track  and  began 
moving  toward  the  south  along  the  leading  edge  of  a 
modifying  polar  air  mass  moving  off  the  Asian 
landmass.  At  the  same  time,  the  entrainment  of  cold 
air  and  Increased  vertical  shear  started  to  weaken 
the  tropical  cyclOTie.  Aircraft  reccmaissance  at 
081542Z,  082130Z  and  090000Z  documented  this  trend 
and  Kim  was  subsequently  dcwngraded  to  tropiced  storm 
.intensity  at  090000Z.  ^  090600Z,  Kim’s  intensity 
was  down  to  55  kt  (28  m/sec),  and  forty-two  hours 
later,  at  IIOOOOZ,  to  30  kt  (15  m/sec).  After  three 
days  of  erratic  movement,  Kim  was  further  downgraded 
to  a  tropical  depression.  The  final  warning  was 
Issued  at  IIOOOOZ  as  the  system  dissipated  over 
water.  The  remains  of  Kim  tracked  west^crthwestward 
and  dissipated  over  the  Philippine  Sea  300  nm  (556 
km)  east  of  the  island  of  Luzon. 


Figure  3-23-3.  A  day  after  damaging  Saipan,  Super 
Typhoon  Kim  was  still  on  a  westward  track  (0400042 
December  DMSP  visual  imagery). 
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mSPICAL  STOBM  I£X  {2W) 


Tropical  Stcrm  Lex  ves  tbe  first  of  ttiree 
significant  tropiceil  cyclones  to  develcp  in  the  month 
of  December.  Initially,  Lex  developed  rapidly  in  tbe 
wake  of  Siper  Typhoon  Kim  (23W)  and  presented  a 
threat  to  Guam.  Significant  further  development  was 
irbibited  by  Kim  (23W)  and  a  ndd-latitude  trough, 
althou^  a  brief  flare-up  of  convection  occurred  Just 
before  Lex  passed  throu^  the  southern  Marianas. 

Lex  first  appeared  as  a  small  mass  of  convection 
about  300  nm  (556  km)  to  the  east-southeast  of  the 
Kwajalein  Atoll  in  the  Marshall  Islands  at  301200Z 
November.  The  convection  r^idly  increased, 
tpper-level  organization  and  low-level  inflow  also 
Increcised  over  the  next  18-hours.  For  these  reasons. 
Lex  was  initially  placed  cn  the  Significant  TropicaO. 
Weather  Advisory  (ABPW  PGTO)  at  OIO6OOZ  Decenber. 

The  tropical  disturbance  continued  to  show 
potential  for  development  and  at  0223*452,  it  became 
the  subject  of  a  Tropical  Cyclone  Formation  Alert 
(TCFA).  The  convection  became  more  centralized, 
prompting  JTWC  to  issue  the  first  warning  on  Troploai 
Depression  24W  at  03I8OOZ.  Upper^level  organization 
oontinued  to  improve,  as  satellite  imagery  indicated 
good  banding  features  to  the  north  and  south. 
Increased  satellite  (Dvorak)  intensity  estimates 
resulted  in  an  ipgrade  from  Tropical  D^iresslon  24W 
to  Ttxiplcal  Storm  Lex  at  040000Z  on  the  second 


warning. 

Lex  was  first  fixed  by  aircraft  reconnaissance 
at  0405372.  The  Aerial  Reconnaissanoe  Weather 
Office?  reported  surface  winds  of  near  45  kt  (23 
m/sec),  and  fixed  the  surface  center  further  to  the 
east  of  the  previous  (040000Z)  warning  position, 
vdiicb  was  based  cn  satellite  data,  and  85  rat  (157  km) 
east  of  the  040600Z  forecast  position.  This  led  JTWC 
to  relocate  Lex's  position  on  the  0406002  waml]%. 

Althou^  forecast  to  reach  typhoon  intensity 
within  48-hours,  it  had  already  attained  its  peak 
Intensity  by  040600Z.  The  combination  of  an  eeatward 
moving  trough  and  the  proximity  of  Kim  (23W)  to  the 
northwest,  greatly  inhibited  Lex's  uppa>-level 
outflow. 

Aircraft  reconnaissance  indicated  a  tilt  toward 
the  west  between  tbe  surface  center  and  the 
ipper-level  center  and  a  possible  secondary  center 
about  30  nm  (56  km)  to  the  northwest  of  Lex.  As 
evidenced  in  visual  satellite  imagery  at  042344 Z 
(Figure  3-24-1),  Guam  was  between  Super  Typhoon  Kim 
(23W)  (to  the  northwest)  and  Thopical  Storm  lex.  Lex 
ccffitinued  to  decrease  in  convection  ard  organization. 
A  nighttime  aircraft  reconnaissance  fix  mission 
scheduled  for  051200Z  found  700  mb  westerlies 
throu^out  the  area  and  no  sign  of  a  closed 
circulation.  For  these  reasons,  Tropical  Stonn  Lex 


Figure  3-24-1.  Visual  satellite  imagery  showing  Super 
Typhoon  Kim  (23W)  and  Tropical  Storm  Lex.  The 
island  of  Guam  is  in  the  region  between  the  two  tropical 
cyclones  (042344Z  December  DMSP  visual  imagery). 
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was  dovmgraded  to  Tropical  Depreasion  24W,  and  Oie  Hie  results  were  that  Lex's  low-level  circulation 

final  warning  (nunber  8}  was  issued  at  051200Z.  could  not  be  closed  off  and  warnings  were  not 

JTOC  continued  to  monitor  the  rennants  of  Lex.  resumed.  Hie  weak  disturbance  moved  rapidly  ty  at  28 

Because  of  the  sudden  flare-ip  of  central  cold  cover  kt  (52  km/hr)  and  passed  directly  over  the  island  of 

(Dvorak,  1984)  cloud  viewed  cn  the  satellite  infrared  Rota  located  40  nm  (74  km)  north-ncrtheast  of  Guam, 

imagery  (Figure  3-24-2),  Lex  again  was  the  subject  of  Mid-  to  ipper-level  shear  over  the  system  was  strong 

a  TCFA  (O623OOZ)  about  80  nm  (148  km)  east-southeast  and  the  upper^level  outflow  remained  restricted  by 

of  Guam.  Due  to  the  proximity  to  (kiM,  the  prospect  Super  Typhoon  Kim  (23W).  JTWC  cancelled  the  TCFA  at 

of  sudden  deepening  and  the  uncertainty  concerning  071500Z.  The  remains  of  Lex  then  moved  northwestward 

what  was  really  out  there,  jTWC  diverted  a  VC-130  until  O6OOOOZ,  then  curved  northeastward  and 

aircraft  from  a  fix  mission,  that  was  in  progress  on  transitioned  to  an  extratropical  system. 

Kim  (23W),  to  fly  an  investigative  profile  on  Lex. 


Figure  3-24-2.  Enhanced  adored  image  for  ^DvonA 
intensity  estimation  technique  of  the  disturbance  (Lex) 
and  Kim  (23W)  at  typhoon  intensity.  At  first  glance,  the 
cloud  signatures  look  similar.  However,  the  distinction 
between  the  transitory  flare-up  of  the  central  cold  cover 
(Dvorak,  1984)  aver  Lex  and  the  persistent  central  dense 
overcast  and  eye  of  Kim  (23W)  is  crucial  for  proper 
intensity  analysis  (06175^  December  NOAA  infrared 
imagery). 
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•mWOCN  HARCE  (25W) 


Typhoon  Mange  was  a  ndcHJecenber  tropical 
cyclone  that  originated  in  the  near-equatorial  trou^ 
at  low  latitudes  just  east  of  the  Marshall  Islands. 
Slow  to  develop,  Typhoon  Marge  presented  a  couple  of 
unique  forecasting  prciblejns  which  included  some 
unexpected  movement  in  the  Riilippine  Sea, 

Referenced  for  the  first  time  on  the  Significant 
Tropical  Vfeather  Advisory  (ABPW  PGTW)  on  9  December, 
the  first  warning  wasn’t  issued  until  140600Z 
December.  During  the  intervening  time.  Marge  drifted 
slowly  toward  the  northwest  as  a  large  area  of 
disorganized  convection.  The  first  Tropical  Cyclone 
Formation  Alert  valid  at  1303302  was  based  on 


satellite  (Dvorak)  intensity  estimates  of  20  to  30  kt 
(10  to  15  m/sec)  winds  and  decreasing  sea-level 
pressure.  The  first  warning  followed  c«  the  Wth  and 
was  based  on  satellite  imagery  which  indicated  an 
increase  in  convection  and  ipper-level  organization. 
From  the  15th  througi  the  l6th.  Marge's  mean  track 
was  west-northwestward  as  the  forecasts  followed  the 
under-the-ridge  scenaxdo. 

Based  on  the  Dvorak  analysis  of  satellite 
imagery  at  15030OZ,  indicating  a  maximum  wind  of  35 
kt  (18  m/sec).  Tropical  Depression  25W  was  upgraded 
to  trt^ical  storm  intaisity  (see  Figure  3-25-1).  The 


Figure  3-25-1.  Tropical  Storm  Marge  passed  south  of 
Guam  just  nine  hours  before  Voyager  on  the  start  of 
its  record-setting  flight  (I50517Z  December  NOAA 
visual  imagery}. 
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Figure  3-25-2.  Marge  six  hours  prior  to  reaching 
maximum  intensity  (I92236Z  December  NOAA  visual 
imagery). 


first  aircraft  reconnaissance  mission  on  the  15th  Ihe  next  forecast  problem  arose  at  200000Z  as 
found  a  rnlnlimn  sea-level  pressure  (HSLP)  of  only  Marge  began  sloping  toward  the  west-southwest. 
1000  mb,  30  kt  (15  m/sec)  winds  and  did  not  close  off  •mc's  initial  response  was  to  (K»isider  the  southw£u?d 
a  circulation.  The  next  aircraft  mission  early  on  movement  as  a  short-term  event  and  the  forecasts 
the  l6th  located  a  vortex  with  a  MSLP  of  996  mb  and  reflected  this  philosophy.  This  proved  to  be  in 
maximum  surface  winds  of  60  kt  (31  m/sec).  The  error  as  Marge  was  forced  further  southwestw2u?d  by  a 
161200Z  warning  upgraded  the  system  to  a  typhoon.  strcxig  surge  of  polar  air  from  the  Aslan  landmass. 

The  first  forecast  problem  with  Marge  arose  at  Marge’s  unforecast  movemait  in  the  Philippine  Sea 
170000Z,  when  satellite  fixes  and  aircraft  caused  considerable  concern  for  shliH>ing.  For 
reconnaissance  observations  b%an  indicating  that  example,  the  USS  Proteus  (AS  19)  passed  within  60  im 
Marge  was  no  longer  moving  as  forecast  toward  the  (111  km)  of  the  centa:*  of  Typhoon  Marge,  circled 
west-northwest,  but  in  a  more  westerly  direction.  around  its  southwest  quadrant  and  experienced  winds 
The  computer  prognostic  guidance  persisted  with  the  of  50  kt  (26  m/sec)  at  210430Z.  There  was  minimal 
now  incorrect  westwMirthwest  movement.  From  170000Z  dam^e  to  the  ship  and  no  personnel  were  injured.  At 
to  161800Z  Marge  moved  due  westward  along  the  edge  of  that  time  Marge’s  maximum  winds  near  the  center  were 
the  modifying  polar  air  and  passed  160  m  (296  km)  80  kt  (41  m/sec)  and  had  decreased  from  a  maximum  of 
south  of  Guam.  No  evacuations  or  significant  damage  95  kt  (49  m/sec)  earlier  at  200600Z  (see  Figure 
to  the  island  occurred.  3-25-2). 
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After  entering  the  Philippine  Islands,  the 
system  weakened  and  changed  course  towards  the 
northwest.  It  then  tracked  Into  the  South  China  Sea 
and  dissipated  over  water. 

During  Marge's  lifetime,  aviation  history  was 
being  made.  Die  Voyager,  a  light-wei^t.  graphite 
fiber-bodied  aircraft,  piloted  t»y  Burt  Rutan  and 
Jeana  Yeager,  departed  Edwards  Air  Force  Base, 
California,  on  15  December  at  1402Z  (14  Decentier  at 
11:02  A.M.  EST)  in  a  record-setting  attempt  to  circle 
the  globe  can  a  single  tank  of  fuel.  Initially,  the 
flight  plan  routed  Voyager  south  of  the  equator, 
passing  just  north  of  Australia  cai  the  Pacific 
portion  of  the  journey.  However,  a  very  active 


monsoon  trougi  preseit  in  the  western  North  Paolfic 
at  this  time  forced  a  change  in  plans.  Following 
coordination  with  JTWC,  Voyager  was  rerouted  north  of 
the  Mariana  Islands.  VAiile  it  winged  its  way  west. 
Marge  continued  to  intensify.  Althou0i,  at  one  point 
it  eqipeared  the  Voyager  might  have  to  terminate  its 
mission,  the  low-level  inflow  winds  into  Marge's 
center  actually  aided  in  the  flight.  Despite  sonie 
moderate  turbulaice,  as  a  consequence  of  flying 
between  two  of  Marge's  spiral  bands  to  pick  14) 
increased  tail  winds  of  35  Irt  (65  km/hr).  Voyager  was 
able  to  reduce  fuel  consumption  and  speed  onward  to 
complete  a  successful  mission. 
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TXPHOCN  NORRIS  (26W) 


Tlie  final  typhoon  of  1986.  Typhoon  Norris,  began 
as  Typhoon  Marge  (25W)  was  moving  through  the 
Caroline  Islands  and  soutii  of  Guam.  Norris  was  first 
detected  as  a  veak  low-level  circulaticm  in  the 
near-equatorial  trKJUgi  south  of  the  Marshall  Islands 
on  17  December.  Initially,  an  anticyclone  aloft  at 
low  latitudes  near  the  dateline  aided  the  development 
of  Norris  by  providing  a  favorable  low-shear 
environment. 

First  carried  on  the  Significant  Tropical 


Weather  Advisory  (ABPW  PGTW)  on  19  December  at  0600Z, 
the  disturbance  drifted  northwestward  while  its 
organization  and  convectiai  remained  minimal.  On  20 
December,  the  organization  b^an  to  inprove  and  at 
2103OOZ,  a  Tropical  Cyclone  Formation  Alert  was 
Issued. 

Ihe  first  warning  was  issued  on  21  December  at 
1200Z  on  Tropical  Depression  26W  vdien  Dvorak  analysis 
of  satellite  reconnaissance  indicated  30  kt  (15 
m/seo)  winds  were  present  (see  Figure  3-26-1). 


Figure  3-26-1:  This  enhanced  ti0-ared  (EIR)  image  of 
the  tropical  disturbance,  which  ultimately  became 
Typhoon  Norris,  shows  it  embedded  in  the 
near-equatorial  trough  (210756Z  December  DMSP 
ir^’ored  imagery). 
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Satellite  Imagery  on  22  DecotUer  revealed  an  exposed 
low-level  circulation  c«iter  with  the  convectiai 
displaced  approximately  6o  nm  (111  km)  to  the  west 
(Figure  3-26-2).  Aircraft  reccnnaissance  on  the 
maming  of  23  Deoanber  located  tiie  low-level  vortex. 
The  Aerial  Recainaissanoe  Weather  Officer  (ARtfO) 
reported  winds  of  35  kt  (18  m/sec)  and  a  naniraum 
sea-level  pressure  (MSLP)  of  999  mb,  whicih  resulted 
in  the  ipgrade  to  Tropical  Storm  Norris  (26W)  on  the 
230CK)0Z  waiming. 


Fran  the  time  Norris  began  forming  in  the 
near-equatorial  trcugh,  the  system  moved  steadily 
toward  the  northwest  following  the  forecast 
under-the-ridge  scenario.  The  movement  toward  the 
northwest  was  also  influenced  by  the  passage  of  a 
mid-latitude  trough.  Cta  23  December,  the 
mid-latitude  trougi  had  moved  to  the  east  of  the 
system  and  the  subtropical  ridge  began  to  rebuild. 
Norris  responded  and  moved  westward.  In  addition, 
the  low-level  circulation  center  had  just  started  to 
move  under  the  convection  (see  Figure  3-26-3). 


Figure  3-26-2:  Vertical  shear  continues  to  force  the 
convection  towards  the  west  of  the  low-level  circulation 
center  (220400Z  December  NOAA  visual  imagery). 
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Figure  3-26-3.  Tropical  Storm  Norris  still  struggling  to 
get  organized.  The  low-level  circulation  center  is 
beginning  to  move  under  the  convection  (240338Z 
December  NOAA  visual  imagery). 


As  the  ridge  continued  to  build,  Horrls  began 
novlng  away  from  the  forecast  track  and  towards  the 
west-southwest  on  Christmas  Day  (Figure  3-26-4).  The 
forecast  '  guidance  from  the  dynamic  Cne4/ay 
Interactive  Tropical  Cyclone  Model  (OTCM)  and 
persistence  was  for  westward  movement.  Within 
12-houra  the  southwestward  drift  stopped  and  Norris 
once  again  began  moving  toward  the  west-northwest. 
Aircraft  reconnaissance  on  ,25  Decenber  founl  the 
first  Indications  of  a  developing  elliptical-shaped 
eye.  ■  ■  •  .  . 

As  Norris  moved  towards  the  west-northwest,  the 
system  continued  to  Intensify.  Winds  of  typhoon 
Intensity  were  forecast.  Due  to  a  ndd-latltude 
frontal  system  moving  off  the  Aslan  mainland. 


expected  adjustment  of  the  subtropical  ridge,  and  an 
anticipated  track  change,  officials  In  the  southern 
Marianas  braced  for  the  woret.  .  However,  aircraft 
reconnaissance  at  approximately  261200Z  found  the 
movement  more  westward  than  west-narthwestward.  Over 
the  next  12^iours  residents  of  the  southern  Marianas 
Islands  continued  to  wait  and  hope  that  Norris  would 
miss .  them.  ,  Norris  slipped  by  to  the  south,  passlt® 
within  100  nn  (185  km)  of  Guam.  (Xiam  experienced  50 
let  (26  m/sec)  winds  and  localized  flooding,  but 
damage  was  minimal. 

After  by-passing  Guam  and  once  again  moving 
west-northwestward,  Norris  continued  to  develop  (see 
•Figure  3-26-5).  Based  on  Dvorak  Intensity  analysis 
of  65  kt  (34  m/sec).  Tropical  Storm  Norris  was 


Figure  3-26-4:  Norris  matures  artd  moves  toward  the 
west-southwest  on  Christmas  Day  (250509Z  December 
NOAA  visual  imagery). 
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Figure  3-26-5:  Tropical  Storm  Norris,  just  prior  to  its 
being  i^graded  to  a  typhoon  (27004 IZ  December  DMSP 
visu^  imagery). 
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Figure  3-26-6.  Typhoon  Norris  at  maximum  intensity. 

T&  forecast  track,  until  this  time,  indicated  that  Norris 
would  recurve  and  become  extratropical  (290000Z 
December  DMSP  visual  imagery). 

i9>grade(}  to  Typhoon  Norris  at  270600Z.  Aircraft  winds  and  a  MSLP  of  953  ot».  Norris,  which  was  caught 

reconnaissance  at  271101Z  reported  an  eye  and  a  HSU  along  the  edge  of  the  modifying  polar  air  and 

of  98*)  nb.  northwesterly  flow  in  the  Philippine  Sea,  abruptly 

Norris  continued  moving  northwestward  toward  the  changed  course  and  moved  southward  for  36-hours, 

weakness  in  the  ridge  induced  by  the  passage  of  a  Cnee  again  the  southwesterly  course  was  not  forecast 

ndd-latitude  trou^i  moving  off  the  Asian  mainland.  or  addressed  beforehand  by  the  OTCM  guidance. 

Previous  f (recasts  had  indicated  continued  movement  At  301200Z,  Norris'  track  (banged  to  due  west  as 

toward  the  west-northwest;  however,  as  the  it  headed  towards  the  central  Philippine  Islands  (see 

mid-latitude  trough  moved  further  south  and  east.  Figure  3-26-7).  After  being  downgraded  to  tropical 

Norris'  forecast  track,  starting  with  the  280600Z  storm  intensity  at  301800Z,  Norris  moved  into  the 

warning,  was  altered  to  indicate  recurvature  and  South  China  Sea  and  continued  to  weaken.  By  OIO30OZ 

extratropical  translti(»i.  January,  Norris  was  further  downgraded  to  a  tropical 

By  290000Z,  the  trougi  moved  east  and  Norris  depression.  By  that  time,  strxjng  ippei^level 

reached  maximum  intensity  (see  Figure  3-26-6).  The  southeasterly  flor  had  exposed  the  low-level 

AHWD  (»i  the  reconnaissance  fix  mission  earlier,  at  circulation  center.  Norris  dissipated  over  water  in 

282103Z,  observed  89  kt  (l)6  m/sec)  naxioun  surface  the  South  China  Sea  on  January  2nd. 
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Figure  3-26-7:  Tropical  Storm  Norris  approaching  the 
Phiiippine  Islands  (310101Z  DecenJrer  DMSP  visual 
imagery). 
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3.  NORTH  INDIAN  OCEAN  TROPICAL  CYCLONES 


Ttx^jical  cyclone  activity  in  the  North  Indian 
Ocean  was  slightly  below  normal.  'Riree  significant 
tropical  cyclones,  all  of  tropical  storm  Intensity, 
develqped  as  ccmpared  to  the  climatological  mean  of 
four.  Uiese  systems  occurred  in  the  spring  and  fall 
transition  seasons,  which  normally  encon^jasses  the 
peak  of  the  activity.  Tables  3-5  and  3-6  provide  a 
sunmary  of  information  for  1986  and  comparison  with 
earlier  years. 


TABLE  3-5. 

NORTH  INDIAN  OCEAN 

1986 

SIGNIFICANT 

TROPICAL  CYCLONES 

CALENDAR 

NUMBER  OF 

MAXIMUM 

DAYS  OF 

WARNINGS 

SURFACE 

ESTIMATED 

TROPICAL  CYCLONE  PERIOD  OF  WARNING 

1 

WARNING 

ISSUED 

WINDS-KT  (M/S) 

MSLP  -  MB 

TC  01 B 

07  JAN  -  11  JAN 

5 

17 

95  (23) 

991 

TC  02B 

09  NOV 

1 

2 

50  (26) 

989 

TC  03A 

09  NOV  -  11  NOV 

3 

9 

95  (23) 

990 

1986  TOTALS: 

8  • 

28 

»  OVERLAPPING 

DAYS  INCLUDED  ONLY  ONCE  IN  SUM. 

TABLE  3- 

6. 

FREQUENCY  OF  NORTH  INDIAN  OCEAN  TROPICAL 

CYCLONES 

YEAR 

JAN 

FEB 

MAR 

APR  HAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV  DEC 

TOTAL 

1971* 

. 

0 

0 

0 

0 

1 

1  0 

2 

1972* 

0 

0 

0 

1 

0 

0 

0 

0 

2 

0 

1  0 

4 

1973* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2  1 

4 

1979* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1  0 

1 

1975 

1 

0 

0 

0 

2 

0 

0 

0 

0 

1 

2  0 

6 

1976 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0  1 

5 

1977 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

2  0 

5 

1978 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2  0 

4 

1979 

0 

0 

0 

0 

1 

1 

0 

0 

2 

1 

2  0 

7 

1980 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1  1 

2 

1981 

0 

0 

0 

0 

0 

0 

0 

0 

0 

t 

1  1 

3 

1982 

0 

0 

0 

0 

1 

1 

0 

0 

0 

2 

1  0 

5 

1983 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1  0 

3 

19811 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2  0 

n 

1985 

0 

0 

0 

0 

2 

0 

0 

0 

0 

2 

1  1 

6 

1986 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2  0 

3 

(1975-1986) 

AVERAGE 

0.2 

0.0 

0.0 

0.1  0.8 

0.3 

0.0 

0.1 

0.3 

1.0 

1.9  0.3 

4.4 

CASES 

2 

0 

0 

1 

9 

4 

0 

1 

3 

12 

17  4 

53 

*  JTHC  WARNING  RESPONSIBILITY  BEGAN  ON  9  JUN  71 

FOR  THE 

BAY  OF 

BENGAL,  EAST 

'  OF  90  DEGREES 

EAST  LONGITUDE.  AS  DIRECTED  BY 

CINCPAC,  JTWC 

ISSUED  WARNINGS  ONLY 

FOR  THOSE  TROPICAL 

CYCLONES  THAT  DEVELOPED 

OR  TRACKED  THROUGH  THAT  PORTION  OF  THE  BAY 

OF  BENGAL. 

COMMENCING 

WITH  THE 

1975  TROPICAL  CYCLONE  SEASON, 

,  JTWC»S 

AREA  OF 

RESPONSIBILITY  HAS 

EXTENDED  WESTWARD 

TO  INCLUDE  THE  WESTERN  PORTION  OF  THE  BAY  OF  BENGAL  AND  THE  ENTIRE 

ARABIAN  SEA. 

FORMATION 

1  ALERTS:  3  OF 

9  FORMATION  ALERTS  DEVELOPED  INTO  SIGNIFICANT  TROPICAL 

CYCLONES. 

TROPICAL 

CYCLONE  FORMATION  ALERTS  WERE  ISSUED 

FOR  ALL 

OF  THE 

SIGNIFICANT 

TROPICAL  CYCLONES 

THAT  DEVELOPED  IN  1986. 

WARNINGS: 

NUMBER  OF  CALENDAR  WARNING 

DAYS: 

8 

NUMBER  OF  CALENDAR  WARNING 

DAYS 

WITH  TWO 

TROPICAL  CYCLONES: 

1 

NUMBER  OF  CALENDAR  WARNING 

DAYS 

WITH  THREE 

;  TROPICAL  CYCLONES: 

0 

144 
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fWC/JTKC  GUAM  3142/62  (NEW  2-76) 
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FWC/JTWC  GUAM  3142/62  (NEW  2-76) 


TROPICAL  CyCUDNE  OIB 


Figure  3-OlB-l.  The  partially  exposed  low-level  center  (^Tropical  Cyclone  OIB  was  located 
southeast  of  Sri  Lanka  on  the  8th  of  January.  The  system  was  being  sh^ed  by  upper-level  flow 
associated  with  Tropical  Cyclone  04S  to  the  south,  which  was  at  typhoon  intensity  (080404Z 
January  DMSP  visual  imagery). 
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FKC/JTKC  GUAM  3142/62  (NEW  2-76) 


Figure  3-02B-1.  Tropical  Cyclone  02B  was  the  only  tropical  cyclone  to  develop  in  the  Bay  of 
Bengal  during  the  fall  transition  season.  Two  warnings  were  issued  on  the  system.  It  began  on  3 
November  as  a  disturbance  in  the  Bay  of  Bengal  approximately  60  nm  (111  km)  west  of  the 
Nicobar  Islands.  Over  the  next  three  days  the  disturbance  continued  to  slowly  intensify  as  it 
tracked  toward  the  west.  The  distwbance  then  curved  northward  and  skirted  the  Indian  coast. 
Post  analysis  indicated  tropical  storm  intensity  had  been  attained  12-hours  prior  to  the  issuance  of 
the  first  warning  at  090000Z.  Tropical  Cyclone  02B  continued  on  its  northeastward  track  and 
immediately  made  lan^all  at  the  Ganges  River  Delta  in  Bangladesh  at  090000Z.  The  maximum 
intensity  of  50  kt  (26  m/sec)  was  reached  just  prior  to  striking  the  coast.  After  lamffall.  Tropical 
Cyclone  02B  weakened  rapidly.  Damage  to  the  coastal  villages  in  Bangladesh  was  substantial. 
C^icials  reported  11  dead  and  at  least  fyty  others  trussing  as  a  result  of  heavy  flooding  and  wind 
gusts  of  up  to65kt  (33  m/sec).  The  image  above  shows  Tropical  Cyclone  02B  three  hours  (fter 
kmtfall  (09Q331ZNavember  DMSP  visu^  imagery). 
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FWC/JTKC  GUAM  3142/62  (NEK  2-76) 


BOMBAY 


'IROPICAL  CXCLMJE  03A 


Figure  3-03A-1 .  Tropical  Cyclone  03 A  was  the  only  signfficant  tropical  cyclone  to  develop  in  the 
Arabian  Sea  in  19S6.  It  was  first  carried  on  the  Sign^cant  Tropical  Cyclone  Weather  Advisory 
(ABIO  PGTW)  on  November  1st  when  the  area  rapidly  improved  in  organization.  On  November 
2nd,  the  first  Tropical  Cyclone  Formation  Alert  (TCFA)  was  issued.  Shear  over  the  disturbance 
suppressed  development  by  separating  the  low-level  circulation  center  and  the  upper-level 
anticyclone.  On  6  November,  the  TCFA  was  cancelled  cfier  both  the  convection  and  organization 
had  decreased.  Satellite  imagery  indicated  the  anticyclone  was  no  longer  evident  and  the 
upper-level  flow  was  unidirectional  over  the  disturbance.  However,  on  8  November, 
redevelopment  occurred.  Dvorak  intensity  analysis  of  satellite  imagery,  at  080532Z,  indicated 
mnds  of  35  kt  (18  m/sec).  Satellite  imagery  12-hours  later  indicated  winds  of  45  kt  (23  mJsec). 
JTWC  issued  its  first  warning  on  Tropical  Cyclone  03A  at  09060(TZ.  Four  hours  cfier  the  first 
warning  was  isswui,  satellite  imagery  once  again  indicated  shear  over  the  cyclone  with  a  separation 
of  75  nm  (139  km)  between  the  low-level  aui  upper-level  circulation  centers.  JTWC  issued  the 
final  warning  at  111200Z,  cfter  Tropical  Cyclone  03A  lost  all  of  its  convection.  Tropical  Cyclone 
03A  dissiptMd  over  water.  There  were  no  reports  cf  damage.  The  satellite  picture  shows  Tropical 
Cyclone  03A  in  the  Arabian  Sea  one  how  before  the  first  warning  was  issued  (090512Z  Novahber 
DMSP  visual  imagery). 
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CHAPTER  iV  -  SUMMARY  OF  SOUTH  PACIFIC  AND 
SOUTH  INDIAN  OCEAN  TROPICAL  CYCLONES 


1.  GENERAL 

Last  year  (1985)  was  the  first  year  that 
southern  hemisphere  tropicail  cyclones  were  included 
in  the  Annual  Tropical  Cyclone  Report.  In 
retrospect,  the  JTWC  area  of  respaisibillty  (A!St)  was 
expanded  an.  1  October  1980  —  to  Include  the  southern 
hemisphere  from  180  degrees  Longitude  westward  to  the 
east  coast  of  Africa.  Details  on  tropiceil  cyclones 
in  this  region  for  July  1980  to  June  1982  are 
contained  in  Diercks  et  al,  (1982).  For  the  July 
1982  throu^  June  1984  period,  reference  the 
NOCC/JTWC  TECH  NOTE  86-1.  As  in  earlier  reports, 
data  on  trc^ical  cyclones  forming  in,  or  moving  into, 
the  South  Pacific  Ocean  east  of  180  degrees 
Longitude,  which  is  the  Naval  Western  Oceanography 
Center  (NAVWESTOCEANCEN)  AOR,  are  included  for 
completeness. 

JTWC  provides  the  sequaitial  ramhering  for  all 
South  Pacific  and  South  Indian  Ocean  significant 
tropical  cyclones.  Bie  current  convention  (as  stated 


in  USCINCPACINST  3140.1  (series))  for  labellii* 
tropical  cyclones  that  develop  in  the  South  Indian 
Ocean  (west  of  135  degrees  East  Longitude)  is  to  add 
the  suffix  "S"  to  the  assigned  tropical  cyclone 
number,  while  those  originating  in  the  South  Pacific 
Ocean  (east  of  135  d^rees  East  Longitude)  receive  a 
"P"  suffix.  The  "P"  suffix  also  applies  to 
significant  tropicad  cyclones  which  font  east  of  180 
d^rees  Longitude  in  the  South  Pacific  Ocean.  Also, 
it  should  be  noted  that  to  encompass  the  southern 
hemisphere  tropical  cyclone  season,  whidi  occurs  from 
January  throujji  April,  the  limits  of  each  tropical 
cyclone  year  are  defined  as  1  July  to  30  June.  Ihus, 
the  1986  southern  hanisphere  tropical  cyclone  year  is 
from  1  July  1985  to  30  June  1986.  (Ihis  is  in 
contrast  to  the  convention  of  labelling  northern 
hemisphere  tropical  cyclones  vhich  is  based  on  the 
calendar  year  -  1  January  to  31  December  -  to  include 
the  seasonal  activity  from  May  through  December.) 


TABLE  4-1. 


SOUTH  PACIFIC  AMD  SOUTH  INDIAN  OCEANS 
1986  SIGNIFICANT  TROPICAL  CYCLONES 


CALENDAR 
DAYS  OF 

TROPICAL  CYCLONE  PERIOD  OF  WARNING  WARNING 


NUMBER  OF  MAXIMUM  BEST  TRACK 

WARNINGS  SURFACE  ESTIMATED  DISTANCE 
ISSUED  WINDS-KT  (M/S)  MSLP  -  MB  TRAVELED  NM  (KM) 


01  s 

23 

SEP 

. 

29 

SEP 

7 

14 

40 

(21) 

994 

1470 

(2722) 

02S 

NICHOLAS 

27 

NOV 

- 

07 

DEC 

11 

21 

75 

(39) 

967 

1436 

(2659) 

03P 

15 

DEC 

- 

16 

DEC 

2 

3 

35 

(18) 

997 

1093 

(2024) 

04S 

DELIFININA 

07 

JAN 

- 

16 

JAN 

10 

19 

110 

(57) 

933 

1399 

(2591 ) 

OSS 

COSTA 

07 

JAN 

- 

16 

JAN 

10 

18 

70 

(36) 

972 

1684 

(3119) 

06S 

08 

JAN 

- 

10 

JAN 

3 

5 

50 

(26) 

987 

553 

(1024) 

07S 

OPHELIA 

11 

JAN 

- 

13 

JAN 

3 

5 

35 

(18) 

997 

317 

(  587) 

08S 

- - 

11 

JAN 

- 

14 

JAN 

4 

7 

35 

(18) 

997 

900 

(1667) 

09S 

HECTOR 

19 

JAN 

- 

24 

JAN 

5 

10 

45 

(23) 

991 

447 

(  828) 

10S 

PANCHO 

21 

JAN 

22 

JAN 

2 

3 

35 

(18) 

990 

352 

(  652) 

IIP 

VERNON 

23 

JAN 

*> 

25 

JAN 

2 

4 

50 

(26) 

987 

901 

(1669) 

12P 

WZNIFRED 

29 

JAN 

- 

01 

FEB 

4 

7 

90 

(46) 

953 

526 

(  974) 

13S 

ERINESTA 

31 

JAN 

• 

10 

FEB 

11 

21 

115 

(59) 

927 

2282 

(4226) 

14S 

FILOHENA 

06 

FEB 

10 

FEB 

5 

9 

55 

(28) 

984 

1020 

(1889) 

ISP 

IMA 

06 

FEB 

14 

FEB 

9 

18 

75 

(39) 

967 

2161 

(4002) 

16P 

JUNE 

07 

FEB 

- 

09 

FEB 

2 

5 

55 

(28) 

984 

825 

(1528) 

17P 

KELI 

-08 

FEB 

- 

10 

FEB 

3 

5 

45 

(23) 

991 

1551 

(2872) 

18S 

RHONDA 

19 

FEB 

- 

20 

FEB 

2 

4 

55 

(28) 

984 

855 

(1583) 

19S 

GISTA 

19 

FEB 

- 

25 

FEB 

6 

12 

85 

(44) 

958 

1558 

(2885) 

20S 

SELWYN 

23 

FEB 

- 

25 

FEB 

3 

6 

55 

(28) 

984 

707 

(1309) 

21S 

TIFFANY 

27 

FEB 

01 

HAR 

2 

4 

35 

(18) 

997 

628 

(1163) 

22S 

VICTOR 

03 

MAR 

- 

09 

HAR 

7 

13 

105 

(54) 

938 

1715 

(3176) 

23P 

LUSI 

03 

MAR 

- 

08 

MAR 

6 

12 

45 

(23) 

991 

1527 

(2828) 

24P 

ALFRED 

03 

MAR 

- 

04 

HAR 

2 

2 

30 

(15) 

1000 

1781 

(3298) 

24P 

ALFRED* 

06 

MAR 

09 

MAR 

3 

7 

45 

(23) 

991 

— 

2SS 

HONORININA 

09 

MAR 

. 

16 

HAR 

8 

16 

110 

(57) 

933 

2741 

(5076) 

25S 

HONORININA* 

19 

MAR 

- 

20 

HAR 

2 

3 

35 

(18) 

997 

.... 

26s 

lARIHA 

13 

HAR 

- 

15 

HAR 

3 

4 

35 

(18) 

997 

317 

(  587) 

27S 

JEFOTRA 

26 

MAR 

01 

APR 

7 

14 

105 

(54) 

938 

2114 

(3915) 

28s 

KRISOSTOMA^ 

08 

APR 

13 

APR 

5 

10 

75 

(39) 

967 

1363 

(2524) 

29P 

MARTIN 

10 

APR 

14 

APR 

5 

11 

75 

(39) 

967 

1401 

(2595) 

30P 

16 

APR 

- 

16 

APR 

1 

2 

30 

(15) 

1000 

760 

(1408) 

31 S 

HAND 

23 

APR 

- 

26 

APR 

4 

7 

70 

(36) 

972 

546 

(1011) 

32S 

BILLY# 

05 

MAY 

- 

12 

HAY 

8 

14 

95 

(49) 

948 

1534 

(2841 ) 

33P 

NAMU 

17 

MAY 

- 

23 

HAY 

6 

13 

85 

(44) 

958 

1444 

(2674) 

1986  TOTALS:  173  328 


*  REGENERATED 

*  TROPICAL  CYCLONE  28S  (KRIS0ST»U)  WAS  ALSO  NAMED  ALISON, 
t  TROPICAL  CYCLONE  32S  (BILLY)  WAS  ALSO  NAMED  LILA. 

NOTE:  NAMES  OF  CYCLONES  GIVEN  BY  REGIONAL  WARNING  CENTERS  (NANDI,  BRISBANE,  DARWIN,  PERTH 
AND  MAURITIUS)  AND  APPENDED  TO  JTWC  WARNINGS,  WHEN  AVAILABLE. 
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2.  SOUTH  PACIFIC  AND  SOUTH  INDIAN  OCEAN  TROPICAL  CYCLONES 


Ihe  1986  year  (1  July  1985  throu^  30  June  1986) 
was  unusually  active,  with  33  tropical  cyclones  (see 
Table  4-1)  reaching  warning  status.  This  did  not 
exceed  the  total  of  35  tropical  cyclones  for  1985  (1 
July  1984  -  30  June  1985)  which  was  the  busiest  year 
to  date  for  JTWC.  Three  tropical  cyclones  occurred 
in  the  South  Pacific,  east  of  165  degrees  East 
Longitude,  vdiich  is  rally  half  the  long-term  mean. 
The  Australian  area  (105  to  165  degrees  East 
Longitude)  accounted  for  16  trcpical  cyclones 
compared  to  the  climatological  mean  of  10.3  -  five 
more  than  normal.  Fourteen  tropical  cyclones 
developed  in  the  South  Indian  Ocean,  which  is  nearly 
six  more  than  the  long-term  mean  of  8.4  cyclones  (see 
Tables  4-2  and  4-3). 

Meteorological  satellite  surveillance  of 
tropical  cyclones  has  been  i^dating  climatologies 
since  the  early  1960s.  (This  meteorological  watch 
from  space  detects  trrplcal  cyclones  that  might  have 
previously  gone  undetected  over  the  conventional  data 
sparse  oceanic  areas.)  Thus,  trc^lcal  c/clone 
climatologies  should  berteflt  from  Increased 


surveillance  frxxn  space  in  sene  areas,  for  example, 
the  South  Indian  Ocean. 

Caveat:  Intensity  estimates  for  southern 
hemisi^ere  tropical  cyclones  are  derived  primarily 
fron  satellite  imagery  evaluation  (Dvorak,  1984)  and 
from  intraisity  estimates  rq)orted  by  other  regional 
centers.  Orily,  In  very  rare  instances  are  the 
intensity  estimates  based  on  surface  observational 
data.  Estimates  of  the  minimum  sea-level  pressure 
are  usually  derived  from  the  Atkinson  and  Holliday 
(1977)  relationship  between  the  maxinuu  sustained 
one-minute  surface  wind  and  the  Tninimm  sea-level 
pressure  (Table  4-4).  This  relationship  has  been 
shewn  to  be  representative  for  tropical  cyolraies  in 
the  western  North  Pacific  and  is  also  used  by  the 
Australian  regional  warning  centers  to  provide 
intensity  estimates.  However,  since  these  pressure 
estimates  are  usually  based  on  wind  intensities  that 
were  derived  from  interpretation  of  satellite 
imagery,  considerable  caution  should  be  exercised 
vAiai  using  these  resultant  pressure  values  in  future 
tropical  cyclone  work. 


TABLE  4-2.  FREQUENCY  OF  CYCLONES  BY  MONTH  AND  YEAR 


YEAR 

JAN 

FEB 

MAR 

APR 

HAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTAL 

(1959  -  1978) 

AVERAGE* 

— - 

— — 

0.4 

1.5 

3.6 

6.1 

6.8 

4.7 

2.1 

0.5 

24.7 

1981 

0 

0 

0 

1 

3 

2 

6 

5 

3 

3 

1 

0 

24 

1982 

1 

0 

0 

1 

1 

3 

9 

4 

2 

3 

1 

0 

25 

1983 

1 

0 

0 

1 

1 

3 

5 

6 

3 

5 

0 

0 

25 

1984 

1 

0 

0 

1 

2 

5 

5 

10 

4 

2 

0 

0 

30 

1985 

0 

0 

0 

0 

1 

7 

9 

9 

6 

3 

0 

0 

35 

1986 

0 

0 

1 

0 

1 

1 

9 

9 

8 

4 

2 

0 

33 

(1981  -  1986) 

AVERAGE 

0.5 

0.0 

0.2 

0.7 

1.5 

3.5 

7.2 

7.2 

4.3 

3.3 

0.7 

0.0 

28.7 

CASES 

3 

0 

1 

4 

9 

21 

43 

43 

26 

20 

4 

0 

172 

*  (GRAY,  1979) 


TABLE  4-3. 

YEARLY  VARIATION 

OF  TROPICAL  CYCLONES  BY  OCEAN  BASIN 

YEAR 

(105E  NESTWARD) 
SOUTH  INDIAN 

(105E-165E) 

AUSTRALIAN 

(165E  EASTWARD) 
SOUTH  PACIFIC 

TOTAL 

(1959  -  1978) 

AVERAGE* 

8.4 

10.3 

5.9 

24.6 

»» 

— - 

— 

1981 

13 

8 

3 

24 

1982 

12 

11 

2 

25 

1983 

7 

6 

12 

25 

1984 

14 

14 

2 

30 

1985 

14 

15 

6 

35 

1986 

14 

16 

3 

33 

(1981  -  1986) 

12.3 

11.7 

4.7 

28.7 

AVERAGE 

CASES 

74 

70 

28 

172 

•  (GRAY,  1979) 
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TABLE  MAXIMUM  SUSTAINED  SURFACE  WINDS  VERSUS  MINIMUM  SEA- 

LEVEL  PRESSURE  (ATKINSON  AND  HOLLIDAY,  1977) 


MAXIMUM  SUSTAINED 
SURFACE  WIND  (KT) 


EQUIVALENT  MINIMUM 
SEA-LEVEL  PRESSURE  (MB) 


154 


155 


MAXIMUM  SUSTAINED  SURFACE  WIND 

— — —  SAKT  (33M/8)  OR  GREATER 
— — —  34  TO  S3KT  (lA  TO  32M/S) 
. . . 33kT  (17M/S)  OR  LESS 


156 


64KT  <33M/8)  OR  QREATCR 
34  TO  e3KT  (IS  TO  3aM/S) 
33KT  (17M/S)  OR  LE3S 


157 


158 
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CHAPTER  V  -  SUMMARY  OF  FORECAST  VERIFICATION 


1.  ANNUAL  FORECAST  VERIFICATION 


a.  Vfestem  North  Pacific  Ocean 

The  position  given  for  warning  times  and  those 
at  the  2I4-,  48-  and  72-hour  forecast  times  were 
verified  against  the  final  best  track  positions  at 
the  same  valid  times.  The  (scalar)  forecast,  cross 
track  and  along  track  errors  (illustrated  in  Figure 
5-1)  were  then  calculated  for  each  tropical  cyclcme 
and  are  presented  in  Tables  5-lA,  5-lB,  5-IC  and 
5-lD.  Figure  5-2  provides  the  frequency 
distributions  of  forecast  errors  in  30  nm  Incremaits 


for  24-,  48-,  and  72-hour  forecasts  of  aill  1986 
trcpical  cyclones  in  the  western  North  Pacific.  A 
sunuBtlon  of  the  mean  forecast  errors,  as  calculated 
for  all  tropical  cyclones  in  each  year,  is  shown  in 
TUble  5-2A.  Table  5-2B  includes  cross  track  and 
along  track  errors  for  1986.  A  cctparison  of  the 
annual  mean  forecast  orrors  for  all  tropical  cyclones 
as  canpared  to  those  tropical  cyclones  that  reached 
typhoon  intensity  can  be  seen  in  Table  5-3.  The  mean 
airi  median  forecast  errors  for  1986  as  compared  to 
the  ten  previous  years  are  graphed  in  Figure  5-3. 


Figure  5-1.  Drfmition  of  cross  track  error  (CTE), 
along  track  error  (ATE)  a^  forecast  track  error  (FEE). 
In  this  example,  the  CTE  is  positive  (to  the  right  of  the 
Best  Track)  and  the  ATE  is  negative  (behind  or  slower 
than  the  Best  Trade). 


TABLE  5-lA.  INITIAL  POSITION  ERROR  SUHMARI  FOR  THE  WESTERN  NORTH  PACIFIC 

SIGNIFICANT  TROPICAL  CYCLONES  OF  1986  (ERRORS  IN  NH) 


TROPICAL  CYCLOHE 

NUMBER 

OF 

ERROR 

HARNINGS 

(OIW) 

TY  JUDY 

16 

21 

(02W) 

TY  KEN 

17 

18 

(03W) 

STY  LOU 

11 

26 

(OAW) 

TS  MAC 

13 

15 

(05W) 

TY  KAHCY 

23 

15 

(06W) 

TS  OVEN 

16 

17 

(07H) 

STY  PEGGY 

11 

35 

(08W) 

TY  ROGER 

12 

19 

(09W) 

TS  SARAH 

55 

22 

(11E) 

TY  GEORGETTE 

16 

26 

(10W) 

TY  TIP 

24 

25 

(UN) 

TS  VERA  #1 

54 

7 

(11W) 

TY  VERA  #2 

17 

48 

(12W) 

TY  HAYNE 

14 

67 

(13H) 

TY  ABBY 

19 

30 

(14W) 

TY  BEN 

22 

46 

(15H) 

TY  CARMEN 

15 

27 

(16W) 

TS  DOM 

25 

11 

(17H) 

TY  ELLEN 

14 

33 

(18W) 

TY  FORREST 

18 

19 

(19H) 

TS  GEORGIA 

10 

15 

(SOW) 

TS  HERBERT 

26 

16 

(21W) 

TS  IDA 

32 

22 

(22W) 

TY  JOE 

12 

24 

(23W) 

STY  KIM 

15 

52 

(2J|W) 

TS  LEX 

34 

8 

(25W) 

TY  MARGE 

29 

38 

(26W) 

TY  NORRIS 

17 

41 

MEAN  21 

TOTAL  743 
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24  Hour  Error  (nm) 


FORECAST  ERRORS  (NM) 


•0fr«2» 

«7l>fi80 
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61&fi3S 
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2  aoow 
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240W 
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00-119 

eoM 
aoM 
OM 
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24-HR 

48-HR 

72-HR 

MEAN:  121 

26  1 

394 

MEDIAN:  121 

2  55 

383 

STANDARD 
DEVIATION:  89 

183 

254 

CASES:  646 

53  1 

409 

Nunibor  of  FofocMts 


48  Hour  Ennor  (nm) 


Figure  5-2.  Frequency  distribuiion  of  the  24-,  48-,  and 
72-hour  forecast  errors  in  30  nm  (56  km)  increments  for 
all  significant  tropical  cyclones  in  the  western  North 
Pacific  during  19^. 
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TABLE  5-1B.  ZA-HOOB  FOBBCiST  KROR  SUHMARI  FOR  THE  HESTERH  EORTH  PACIFIC 

SIGHIFICAET  TROPICAL  CICLOBES  OP  t9S6  (ERRORS  IN  IM) 


TROPICAL  CYCLORC 

FORECAST 

ERROR 

tfUMBER 

OF 

VARVINGS 

ALONG  TRACK 

ERROR 

ABS  KAG  •  BIAS  « 

CROSS  TRACK 

ERRCK 

ABS  NAG  •  BIAS 

(OIN) 

TI  JUDY 

138 

17 

84 

-56 

93 

-78 

(02H) 

TY  XEM 

?8 

15 

62 

11 

31 

-16 

(03H) 

STY  LOLA 

130 

22 

104 

-86 

63 

-43 

(OAW) 

TS  HAC 

123 

11 

96 

-56 

55 

n 

(OSN) 

TY  MAXCY 

104 

11 

95 

-92 

32 

20 

(06H) 

TS  OMEN 

70 

14 

63 

-15 

22 

-9 

(07N) 

STY  PEGGY 

68 

31 

36 

-1 

47 

29 

(08H) 

TY  ROGER 

75 

15 

59 

-19 

33 

-18 

(OW) 

TS  SARAH 

273 

18 

208 

-177 

153 

-104 

(11E) 

TY  (SORGBTTE 

1W 

19 

94 

-78 

87 

-72 

(ION) 

TY  TIP 

180 

23 

114 

-96 

107 

-107 

(11N> 

TS  VERA  #1 

150 

5 

76 

27 

123 

122 

(11H) 

TY  VERA  *2 

131 

AR 

96 

-67 

76 

29 

(la) 

TY  HAYME 

124 

59 

101 

-89 

54 

0 

(13N) 

TY  ABBY 

104 

26 

79 

-37 

51 

38 

(IAN) 

TY  BOt 

112 

42 

61 

•2 

81 

-42 

(15W) 

TY  CARMEN 

84 

23 

57 

-17 

54 

18 

(»6N) 

TS  OCM 

66 

9 

56 

-12 

74 

-66 

(m) 

TY  gi-»-v 

78 

29 

42 

54 

-2 

(18N) 

TY  FORREST 

196 

16 

171 

-158 

58 

-17 

(19W) 

TS  GEORGIA 

92 

14 

67 

-61 

46 

46 

(20H) 

TS  HERBERT 

89 

11 

31 

11 

77 

32 

(21N) 

TS  IDA 

139 

19 

87 

-66 

84 

-24 

(2a) 

TY  JOE 

169 

22 

85 

24 

142 

62 

{23N) 

STY  KIH 

116 

51 

82 

-36 

76 

13 

(2AN) 

TS  LEX 

78 

7 

41 

7 

62 

-48 

(25N) 

TY  KARGE 

130 

33 

92 

-59 

68 

33 

(26N) 

TY  MORRIS 

118 

39 

84 

-75 

73 

13 

TOTALS 

121 

645 

85 

-50 

70 

-4 

*  ABS  HAG  ■  Absolute  HsgnltiKls  (dlatssee) 

**  BIAS  Is  tbs  aadlsn  (middle  value)  of  tbe  sample. 

Motet  To 

aeaaure  foreoast 

.  eontent  with  relation  to 

a  tropical  oyclene  track 

reference 

frame  croaa  track  and  along  track  errors 

oomponanta  hava  been 

fenerated  in  addition  to  the  usual  ^reoast  errors. 

Specifics 

follow: 

1 .  Cross  track  error  oomponent  is  a 

measure  of  how  far  a  warning  poaltlon  la 

displaoed  left  or  right  of  the  best  tra^  positiom.  The  samples  consist 

cf  two 

partst 

the  abaolute  magnitude  (dlstaaoe)  and  the  bias  (negative  values 

(minus 

algn)  wr*  laft  cF  track  and  poaltlra  aaluaa  (plua  aign)  uara  right  of  track). 

2.  Along  track  error  oenponant  la  a  naaaura  of  how  far  the  warning  nooltloo 

uas  displaoed  ahead  or 

behind  the  beat  trank  poaltlon.  It  nlao  nonalatn 

ct  two 

parts: 

the  absolute  magnitude  (distanoe)  and  the  bias  (negative  values  (mlmie 

slen)  were  behind/slow  and  positive  values  (plus  sign)  were  ahead/faat) 

• 

TABLE  VIC.  AB-HOOR  FORECAST  EI«0R  SUHART  FOR  THE  NBSTBRN  NORTH  PACIFIC 

SIGNIFICANT  TROPICAL  CICLONES  OF  1986  (ERRORS  H  NH) 


TROPICAL  CYCLONE  FORECAST  RWBER  ALONG  TRACK  CROSS  TRACK 

ERROR  OF  ERROR  ERROR 

HARRINQS  ABS  MAC  BIAS  ABS  HAG  BIAS 


(GIN) 

TY  JUDY 

331 

11 

310 

-316 

85 

-75 

(02N) 

TY  KEN 

178 

14 

125 

-29 

86 

-88 

(03N) 

STY  LOLA 

326 

18 

292 

-300 

105 

-70 

(0»W) 

TS  MAC 

188 

7 

147 

-22 

103 

-79 

(05N) 

TY  NANCY 

198 

7 

180 

-173 

60 

44 

(0«H) 

TS  oun 

140 

10 

114 

-64 

72 

-33 

(07N) 

STY  PEGGY 

172 

27 

100 

8 

117 

110 

(08N) 

TY  ROW 

105 

9 

83 

-14 

58 

-38 

{09N) 

TS  SARAH 

671 

14 

507 

-497 

405 

-394 

(11E) 

TY  GEORGBITE 

363 

17 

187 

-63 

267 

-269 

(ION) 

TY  TIP 

447 

18 

362 

-370 

194 

-191 

(11N) 

TS  VERA  #1 

226 

1 

207 

... 

91 

(UN) 

TY  VERA  #2 

289 

40 

207 

-137 

169 

74 

(12N) 

TY  WAYNE 

274 

46 

237 

-215 

109 

49 

(13N) 

TY  ABBY 

160 

22 

94 

9 

107 

81 

(1«) 

TY  BEN 

204 

38 

124 

26 

131 

-33 

(15N) 

TY  CARMEN 

140 

19 

104 

-70 

68 

14 

(16N) 

TS  DOM 

60 

4 

18 

-4 

50 

-36 

(17N) 

TY  ELLEN 

159 

25 

65 

17 

135 

41 

(IBN) 

TY  FORREST 

385 

12 

308 

-257 

124 

-57 

(19N) 

TS  (ZORGIA 

226 

12 

192 

-194 

101 

99 

(20N) 

TS  HERBERT 

130 

8 

106 

103 

55 

26 

(21N) 

TS  m 

236 

15 

147 

-123 

147 

-55 

(22W) 

TY  JOB 

508 

18 

227 

-22 

424 

-33 

(23N) 

STY  KIH 

280 

51 

167 

-62 

210 

-54 

(2AN) 

TS  LEX 

189 

7 

131 

-117 

112 

-24 

(25N) 

TY  MARGE 

233 

30 

168 

-97 

139 

89 

(2«N) 

TY  NORRIS 

254 

35 

171 

-151 

168 

108 

TOTALS 

261 

55 

183 

-115 

'Tsi 

162 


TABLE  5-ID. 


72-HOUR  FORECAST  ERROR  SUMUBI  FOR  THE  HBSTERH  NORTH  PACIFIC 
SKaiFICAKT  TROPICAL  CYCLONES  OF  1986  (ERRORS  IN  NH} 


TROPICAL  CYCLONE 

FORECAST 

NOSER 

ALONG  TRACK 

CROSS  TRACK 

ERR(» 

OF 

ERROR 

ERROR 

HASNINOS 

ABS  NAG 

BIAS 

ABS  MAG 

BIAS 

(01H) 

TY  JUDY 

599 

9 

586 

-59< 

92 

-23 

(02H) 

TY  KEN 

288 

1< 

18< 

80 

179 

25 

(03H) 

STY  LOLA 

581 

1< 

560 

-576 

127 

-27 

(OAH) 

TS  MAC 

89 

3 

82 

<3 

31 

-10 

(OSH) 

TY  NANCY 

521 

3 

<98 

-505 

101 

100 

(06H) 

TS  OHEN 

128 

6 

67 

-<7 

82 

-17 

(07H) 

STY  PEGGY 

332 

23 

163 

7 

257 

252 

(08H) 

TY  ROGER 

198 

5 

15< 

-155 

101 

-103 

(OSH) 

TS  SARAH 

800 

8 

530 

-5<0 

585 

-59< 

(11E) 

TY  GEORGETTE 

37» 

16 

219 

101 

276 

-263 

(10H) 

TY  TIP 

77A 

16 

5<< 

-518 

<20 

-369 

<11H) 

TS  VERA  *1 

0 

(11H) 

TY  VERA  #2 

5A3 

36 

363 

-253 

3<o 

-10 

(12H) 

TY  HAYNE 

A68 

38 

390 

-377 

196 

119 

(13H) 

TY  ABBY 

225 

18 

158 

83 

1<7 

IK 

(1«) 

TY  BEK 

261 

32 

139 

38 

190 

-133 

(15H) 

TY  CARMEN 

173 

15 

1<1 

-138 

73 

-21 

(16H) 

TS  DOM 

29 

1 

2< 

17 

__ 

(17H) 

TY  ELLEN 

291 

21 

139 

17 

227 

36 

(18H) 

TY  FORREST 

<27 

8 

353 

-388 

172 

-176 

(19H) 

TS  GEORGIA 

<02 

8 

35< 

-356 

205 

202 

(20H) 

TS  HERBERT 

217 

< 

13< 

133 

162 

-28 

(21H) 

TS  IDA 

325 

11 

211 

-207 

205 

-35 

(22H) 

TY  JOB 

<31 

8 

113 

-10< 

33< 

-2<6 

(23H) 

STY  KIM 

<88 

31 

355 

1< 

317 

-153 

(2AH) 

TS  LEX 

<16 

7 

366 

-369 

183 

1<3 

(25H) 

TY  MARGE 

288 

26 

180 

-105 

189 

ISO 

(26H) 

TY  NORRIS 

33< 

31 

21  < 

-151 

22< 

21< 

ri5 

TOTALS 

39< 

<12 

276 

-170 

227 

TABLE  5-2A.  ANNUAL  MEAN  FORECAST  EROIRS  FOR  THE  HESTERN  NORTH  PACIFIC 

2A-H0UR  A8-HOUR  72-HOUR 


YEAR 

FORECAST 

Riafr-ANCLE 

FORECAST 

RIGHT-ANGLE 

FORECAST 

RICafr-ANGLE 

1971 

111 

64 

212 

118 

317 

117 

1972 

117 

72 

245 

146 

381 

210 

1973 

108 

74 

197 

134 

253 

162 

197< 

120 

78 

226 

157 

348 

245 

1975 

138 

84 

288 

181 

450 

290 

1976 

117 

71 

230 

132 

338 

202 

1977 

148 

83 

283 

157 

407 

228 

1978 

127 

75 

271 

179 

410 

297 

1979 

124 

77 

226 

151 

316 

223 

1980 

126 

79 

243 

164 

389 

287 

1981  • 

123 

75 

220 

119 

334 

168 

1982  • 

113 

67 

237 

139 

341 

206 

1983  • 

117 

72 

259 

152 

405 

237 

1984  • 

117 

66 

233 

137 

363 

231 

1985  * 

117 

66 

231 

134 

367 

214 

1986 

121 

M 

261 

•• 

394 

THE  TECmiQUE  FOR  CALCULATING  RIGHT-ANGLE  ERROR  HAS  REVISED  IN  198lt 
THEREFORE.  A  DIRECT  CORRELATION  IN  RI(3iT-ANGLE  STATISTICS  CANNOT  BE  HADE 
FOR  THE  ERRORS  COMPUTED  BEFORE  1981  AND  THE  ERRORS  COMPUTED  SINCE  1981. 


IN  1986  RI(3iT-ANGLE  ERROR  HAS  REPLACED  BY  CROSS  TRACK  ERROR  (SEE  FIGURE 
5-1  FOR  THE  DEFINITION  OF  CROSS  TRACK  ERROR). 


TABLE  5-2B*  1966  MEAN  FORECAST,  CROSS  TRACK  AND  ALONG  TRACK  ERRORS 

FOR  THE  WESTERN  NORTH  PACIFIC.  (ERRORS  IN  NM) 


FORECAST  ERROR: 

CROSS 

TRACK 

ALONG 

TRACK 

FORECAST 

ABS  MAG 

BIAS 

ABS  MAG 

BIAS 

24-HOUR 

121 

70 

(-4) 

85 

(-50) 

48-HOUR 

261 

151 

(-12) 

183 

(-115) 

72-HOUR 

394 

227 

(-12) 

276 

(-170) 

TABLE  ANNUAL  KEAN  EORECAST  ERRORS  FOR  THE  VESTCRN  NORTH  PACIFIC 

(ERRORS  ARE  IN  NAUTICAL  HILBS) 

21|>H0UR  AS-HOUR  72-HOUR 


TEAR 

ALL 

TTPHOON* 

ALL 

TTPHOOH* 

ALL 

nPHOON* 

1950-1958 

170 

1959 

117  *• 

267  ■■ 

1960 

177  •• 

354  •• 

1961 

136 

274 

1962 

144 

287 

476 

1963 

127 

246 

374 

196« 

133 

284 

429 

1966 

151 

303 

418 

1966 

136 

280 

432 

1967 

125 

276 

414 

1968 

105 

229 

337 

1969 

111 

237 

349 

1970 

10A 

98 

190 

181 

279 

272 

1971 

111 

99 

212 

203 

317 

308 

1972 

117 

116 

245 

245 

381 

382 

1973 

108 

102 

197 

193 

253 

245 

197A 

120 

114 

226 

218 

348 

357 

1975 

138 

129 

288 

279 

450 

442 

1976 

117 

117 

230 

232 

338 

336 

1977 

1A8 

140 

283 

266 

407 

390 

1978 

127 

120 

271 

241 

410 

459 

1979 

124 

113 

226 

219 

316 

319 

1980 

126 

116 

243 

221 

389 

362 

1961 

123 

117 

220 

215 

334 

342 

1982 

113 

114 

237 

229 

341 

337 

1983 

117 

110 

259 

247 

405 

3M 

19M 

117 

110 

233 

228 

363 

3«1 

1985 

117 

112 

231 

228 

367 

355 

1986 

121 

117 

261 

261 

394 

403 

*  Forecasts  were  verified  when 

the  Tr^lcal  CFolone  intensities 

were  ever  35 

<18 

*•  Forecast  positions  north  of  35  degrees  North  Latitude  were  not  verified. 


Wratom  North  Pacific  Errors 


I 

1 


1»76  197«  1««0  1M2  1M4  1M6  IMS 


Tnra 

Figure  5-3.  Annual  mean  forecast  errors  (in  nm)  for 
tropical  cyclones  in  Uie  western  North  Pac^. 
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b.  North  Indian  Ocean 

Ihe  positions  given  for  warning  times  and  those 
at  the  24-,  48-,  and  72-hour  valid  times  were  verified 
for  tropical  cyclones  in  the  North  Indian  Ocean  by  the 
same  methods  used  for  the  western  North  Pacific.  It 
should  be  noted  that  due  to  low  nuniber  of  North  Indian 
Ocean  trc^ical  cyclones,  these  error  statistics  should 
not  be  takai  as  representative  of  any  trend.  Table 


5-4  is  the  forecast  along  track  and  cross  track  error 
sunnary  for  the  North  Indian  Ocean.  Table  5-5A 
contains  a  sumnary  of  the  annual  mean  forecast  errors 
for  each  year.  Table  5-5B  includes  cross  and  along 
track  error  for  1986.  Forecast  enws  are  plotted  in 
Figure  5-4  (Seventy-two  hour  forecast  errors  were 
evaluated  for  the  first  time  in  1979).  There  were  no 
verifying  72-hour  forecast  in  1983  and  1985. 


TABLE  5-4. 

FORECAST  ERROR 

SUMIARY  FOR  THE 

NORTH 

INDIAN  OCEAN 

SIGNZPICART  1R0PICAL  CYCLONES  OF  1986 

(ERRORS  IN  HH) 

WITUL  POSITION 

TROPICAL 

HUMBER  OF 

CTCLONE 

ERROR 

VARNIHGS 

TC  01B 

36 

IT 

TC  02B 

70 

2 

TC  03A 

78 

9 

MEAN  52 

TOTAL  a 

24-HOUR  FORECASTS 

TROPICAL 

FORECAST 

ALONG  TRACK 

CROSS  TRACK  1 

CTCLONE 

ERRCA 

ERROR 

ERROR 

AfiS  HAG 

BIAS 

ABS  HAG 

BIAS 

TC  OIB 

76 

59 

-56 

46 

-41 

TC  02B 

— 

... 

TC  03A 

259 

247 

-250 

69 

68 

KEAN 

13A 

118 

-117 

53 

-7 

A6-H0UR  FORECASTS 

TROPICAL 

FORECAST 

ALOKG  TRACK 

CROSS  TRACK  1 

CYCLONE 

ERROR 

ERROR 

ERROR 

ABS  MAG 

BIAS 

ABS  MAG 

BIAS 

TC  OIB 

129 

89 

-89 

74 

-75 

TC  02B 

TC  03A 

401 

384 

i/A  * 

113 

M/A  • 

— 

_ 

_ 

MEAN 

168 

131 

-89 

80 

-75 

72-HOUR  FORECASTS 

TROPICAL 

FORECAST 

ALONG  TRACK 

CROSS  TRACK  I 

CYCLONE 

ERROR 

ERROR 

ERROR 

1 

ABS  MAG 

BIAS 

ABS  MAG 

BIAS  1 

TC  oie 

269 

189  -190 

180  -1&2  1 

TC  02B 

... 

... 

«... 

1 

TC  03A 

— 

— 

— 

- 

HBAM 

269 

189  -190 

180  -1B2  1 

•  SAMPLE  TOO 

SMALL  TO  COMPUTE  MSPIAR  FOR  BIAS. 

1 

TABLE  S-5A.  AMUAL  MBU  FOBBCAST  EBBOES  FOR  THE  EWHH  miAB  OCEU 


ZA^OUB  AB-BOOR  TZ-BOW 


nu 

poucAsr 

RIOBT-ANGLE 

FORECAST 

RIGHT-ANGLE 

FORECAST 

RIGHT-AWU 

1971  • 

232 

410 

... 

— 

... 

197*  • 

224 

101 

292 

112 

... 

... 

1973  • 

182 

99 

299 

160 

... 

... 

1976  » 

137 

81 

238 

146 

... 

... 

1975 

145 

99 

226 

144 

... 

... 

1976 

138 

108 

204 

159 

... 

... 

1977 

122 

94 

292 

214 

... 

... 

1976 

133 

66 

202 

126 

1979 

151 

99 

270 

202 

437 

371 

1960 

115 

73 

93 

87 

167 

126 

1981  « 

109 

65 

176 

103 

197 

73 

1982  •• 

138 

66 

366 

175 

762 

404 

1983  " 

117 

46 

153 

67 

... 

1986  •» 

154 

71 

274 

127 

388 

159 

1985  « 

123 

51 

242 

109 

... 

... 

1986 

134 

MA 

168 

••A 

269 

Ml 

•  T8E  HESTBRM  BAX  OF  BEBOAL  AMD  ARABIA*  SEA  KERB  BOT  JBCUIOEII  IB  THE 
JTHC  AREA  OF  RESPOBSIBIUTX  OBTIL  THE  1975  TROPICAL  CXCLOBE  SEASCB. 

»  THE  TECOIIQUE  FOR  CALCOLATIBC  RlGKr-AB(a.E  ERROR  HAS  REVISED  IB  1961.; 

THEREFORE,  A  DIRECT  CORRELATIO*  IB  RIGHT-ABCLE  STATISTICS  CABBOT  BE  MADE 
FOR  THE  ERRORS  COMPUTED  BEFORE  1981  ABD  THE  ERRORS  COWDTED  SIBCE  1961. 

«•  IB  1986  RlC8T-AR(a,E  ERROR  HAS  REPUCED  BI  CROSS  TRACK  ERROR  (SEE  FICURE 
5-1  FOR  THE  DEFIBITIO*  OF  CROSS  TRACK  ERROR). 
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TABLE  5-5B. 

ANNUAL 

MEAN  FORECAST  ERRORS  FOR  THE 

NORTH  INDIAN  OCEAN 

(ERRORS  IN  NAUTICAL  MILES) 

FORECAST  ERROR: 

YEAR 

21(-H0UR 

48-HOUR 

72-HOUR 

1986 

13*1 

168 

269 

CROSS  TRACK  ERROR: 

24-HOUR 

48-HOUR 

72-HOUR 

YEAR 

ABS  MAG  BIAS 

ABS  MAG  BIAS 

ABS  MAG  BIAS 

1986 

53  -7 

80  -49 

180  -182 

ALONG  TRACK  ERROR: 

2lt-H0UR 

48-HOUR 

72-HOUR 

YEAR 

ABS  HAG  BIAS 

ABS  MAG  BIAS 

ABS  MAG  BIAS 

1986 

118  -118 

131  -134 

189  -190 

North  Indian  Ocean  Forecast  Errors 

Annual  Mtant 


Yeais 

FiguK  5-4.  Annual  meanforecast  errors  (in  nm}  for  all 
metical  cydones  in  ^  North  Indian  Ocean. 


c.  South  Pacific  and  South  Indian  Oceans 

Verification  statistics  for  forecasts  in  the 
southern  heolsphere  can  be  obtained  fron  the  raw  data 
sets  addressed  in  Annex  A. 


166 


2.  COMPARISON  OF  OBJECTIVE  TECHNIQUES 


a.  General 

Objective  techniques  used  by  JTOC  are  divided 
into  five  main  categories: 

(1)  extrapolation; 

(2)  climatological  and  analog  techniques; 

(3)  model  output  statistics; 

(4)  dynamic  models;  and 

(5)  empirical  and  analytical  techniques; 

In  Sqptenter  1961,  JlVC  began  to  initialize  its 
array  of  objective  forecast  techniques  (described 
below)  on  the  six-^our  old  preliminary  best  track 
position  (an  Interpolative  process)  rather  than  the 
forecast  (partially  extrapolated)  teming  position, 
e.g.  the  O^OZ  veming  is  now  supported  by  objective 
techniques  developed  from  the  OOOOZ  preliminary  best 
track  position.  Diis  operational  change  has  yielded 
several  advantages: 

"Techniques  can  now  be  requested  much  earlier  in 
the  warning  development  time  line.  i.e.  as  soon  as  the 
track  can  be  sqsproximated  cm  or  more  fix  positions 
after  the  valid  time  of  the  previous  warning; 

"Receipt  of  these  techniques  is  virtually  assured 
prlcr  to  the  develofxnent  of  the  next  warning;  and 

"Inproved  (maan)  forecast  accuracy.  Ihls  latter 
aspect  arises  because  JTWZ  now  has  more  reliable 
approxlnatlon  of  the  short-term  tropical  cyclone 
movement.  Further,  since  most  of  the  bbjective 
techniques  are  blaa^  towards  persistence,  this  new 
procedure  optimizes  their  performance  and  provides 
more  consistent  guidance  (xi  short-term  movement, 
indirectly  yielding  a  more  accurate  initial  positicn 
estimate  as  well  as  lowering  24-hour  forecast  errors. 

b.  Description  of  Objective  Techniques 

(1) .  XTRP  —  Forecast  positions  for  24-  and 
48-4iours  are  derived  from  the  extension  of  a  straight 
line  vdilch  connects  the  most  recent  and  12-haur  old 
prellmirary  best  track  positicxis. 

(2) .  CXJM  —  A  climatological  aid  providing 

24-,  48-,  and  72-hour  tropical  cyclone  forecast 

positions  (and  intensity  changes  in  the  western  North 
Pacific)  based  iqjon  the  position  of  the  tropical 
cyclone.  The  output  is  based  vpon  data  records  from 
1943  to  1981  for  the  western  Nc^b  Pacific  Ocean  and 
19(X)  to  1981  for  the  North  Indian  Ocean. 

(3) .  TPAC  —  Forecast  positions  are 
generated  from  a  blend  of  climatology  and  persistence, 
tlhe  24-  and  48-4K)ur  positions  are  equally  weighted 
between  climatology  and  persistence  and  three  quarters 
climatology  and  persistence,  respectively:  the  72-hour 
position  is  cne  quartm?  persistence  and  three  quarters 
climatology.  Persistence  is  a  straight  line  extension 
of  a  line  connecting  the  current  and  12-hour  old 
positions.  Climatology  is  based  on  data  frcm  1945  to 
1981  for  the  western  North  Pacific  Ocean  and  1900  to 
1981  for  the  North  Indian  Ocean. 

(4) .  TyAN  —  An  updated  analog  program  which 
conhlnes  the  earlier  versions  TIFN  75  and  INJAN  74. 
The  program  scans  a  30-year  climatology  with  a  similar 
history  (within  a  ^ieclfled  acceptance  envelope)  to 
the  current  tropical  cyclone.  For  the  western  North 


Pacific  Ocean,  three  forecasts  of  position  and 
intensity  are  provided  for  24-,  48-.  and  72-hours: 
RBCR  -  a  weighted  mean  of  all  tix^lcal  cyclones  ihldi 
were  categorized  as  "recurving"  during  their  best 
track  period;  STOA  -  a  wei^ted  mean  of  all  acc^ed 
trc¥>lcal  cyclones  idiich  were  categorized  as  moving 
"straight"  (westward)  during  their  best  track  period: 
.TOTL  -  a  weighted  mean  of  all  accepted  tropical 
cyclones,  including  those  used  in  REX3%  and  SIRA 
forecast.  For  the  North  Indian  Ocean,  a  single 
(total)  forecast  track  is  provided  for  the  12-hour 
intervals  to  72-hours. 

(5) -  COSMOS  —  A  model  output  statistics 
(HOS)  routine  based  on  the  geostrcqjhic  steering  at  the 
850-,  700-,  and  500-iib  levels.  The  steering  is 
derived  from  the  HATIRACK  point  advectlon  model  run  on 
Global  prognostic  fields  from  the  FI£NUKX:eaNCEN's 
NOGAPS  prediction  system.  The  MOS  forecast  is  then 
blended  with  the  6-hour  past  movement  to  generate  the 
forecast  trade. 

(6) .  One-way  Interactive  Tropical  Cyclone 
Model  (GTCM)  —  A  coarse-4>esh,  three-layer  in  the 
vertical,  primitive  equation  model  with  a  205km  {p:d.d 
spacing  over  a  6400  x  4700  km  domain.  The  model's 
fields  are  computed  around  a  hogused,  digitized 
cyclone  vortex  using  FUMJHOCEANCEN's  Numerical 
Variational  Analysis  (NVA)  or  NOGAPS  prognostic  fields 
for  the  specified  valid  time.  The  past  motion  of  the 
tropical  cyclone  is  conpared  to  initial  steering 
fields  and  a  bias  cotrectlon  is  computed  and  applied 
to  the  model.  FLEMlMXXANCEN's  NOGAPS  global 
prognostic  fields  are  used  at  12-bour  intervals  to 
update  the  model's  boundaries.  The  resultant  forecast 
positions  are  derived  by  locating  the  850  mb  vortex  at 
six-hour  intervals  to  72-hour3. 

(7) .  Nested  Tropical  Cyclone  Model  (HICM)  — 
A  primitive  equation  model  with  properties  similar  to 
the  OTCH.  The  NTCM  differs  tv  containing  a  finer 
s(»le  "nested  "grid,  iiiitiallzing  cn  NVA  analysis 
flelols  only,  no:t  containing  a  (persistence)  bias 
correction,  and  being  a  dnsmsl  model  which  runs 
Indqnndent  of  FLfMGHXSANCEM's  prognostic  fields 
(i.e.,  it  does  not  require  updating  of  its 
boundaries).  The  "nested  grid"  onvers  a  1200  x  1200 
km  area  with  a  41  km  grid  spacing  which  moves  within 
the  coarse-mesh  denain  to  keep  an  850  mb  vostex  at  its 
center. 

(6).  TAFT  —  An  empirical  technique  whlon 
utilizes  upper-tropospheric  wind  fields  to  estimate 
acceleration  associated  with  the  tropionl  cvclone's 
interaction  with  the  mid-latitude  westerlies.  It 
Includes  guidelines  for  the  duration  of  aconleration, 
ipper-llmits,  and  probable  path  of  the  cyclcne. 

(9) .  CLIFER  —  A  statistical  regression 
technique  based  on  climatology,  onrrent  intensity, 
po»ltlon  and  past  movemmit.  This  technique  is  used  as 
a  crude  measure  of  real  foneomst  skill  when  verifying 
forecast  accureicy. 

(10) .  THEIA-E  —  An  empirically  derived 
relation^p  between  a  tropical  cyclone's  minimum 
sea-level  pressure  (MSLP)  and  700  mb  eojuivalent 
potential  tenperature  (Theta-E)  was  developed  by 
Sikora  (1976)  and  Ounnavan  (1981).  ^  monitoring  MSLP 
and  trends,  the  fereoaster  can  evaluate  the  potential 
for  sudden,  rapid  deepening  of  a  tropical  cyclone. 

(11) .  WIND  RADIUS  —  Following  an  analytical 
mooJel  of  the  radial  profiles  of  sea-level  pressures 
and  wlnois  in  mature  tropical  cyclones  (Holland,  1980), 
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a  set  of  radii  for  30- ,  50- ,  and  100-knot  winds  based 
on  the  trx^ical  oyclMie's  maximum  winds  have  been 
produced  to  aid  the  forecaster  in  determining  forecast 
wind  radii. 

(12).  DVORAK  —  An  estimation  of  tropical 
cyclone's  current  and  24-hour  forecast  intensity  is 
made  from  interpolation  of  satellite  imagery  (DVORAK, 
1984)  and  provided  to  the  forecaster,  Ihese  intensity 
estinates  are  used  in  conjunction  with  other 
intensity-related  data  and  trends  to  forecast  tropical 
cyclone  intensity. 

JTOC  uses  TPAC,  TAFT,  'RfAN78,  COSMOS,  OTCM  and 
NTCM  qaerationally  to  develop  track  forecasts. 


c.  Testing  and  Results 

A  ccnparison  of  selected  techniques  is  included 
In  Table  5-6  for  all  western  North  Pacific  tropical 
cyclones.  Table  5-7  for  all  North  Indian  Ocean 
tropical  cyclones.  In  these  tables,  "  x-axis  " 
refers  to  techniques  listed  vertically.  For  example 
(Table  5-6)  in  the  470  cases  available  for  a 
(homogeneous)  cooparison,  the  average  forecast  error 
at  24-hours  was  124  nm  (230  km)  for  RBCR  and  110  nm 
(204  km)  for  OOSM.  The  difference  of  14  nm  (26  km) 
is  shown  in  the  lower  right.  (Differences  are  not 
always  exact,  due  to  ccmputational  round-off  whidi 
occurs  for  each  of  tiie  oases  available  for 
cooparison). 


TABLE  5-6.  1986  ERROR  STATISTICS  FOR  SELECTED  OBJECTIVE  TECHNIQUES  IN  THE 

WESTERN  NORTH  PACIFIC  OCEAN 

24-EODR  rrs  MSAH  ERRORS  (H.  MI) 


JTWC 

643 

122 

122 

0 

STTCM 

529 

121 

544 

127 

6 

129 

CLIP 

490 

-121 

502 

126 

5 

126 

OTCK 

589 

120 

514 

125 

5 

126 

CSCM 

498 

122 

431 

111 

-11 

112 

RECR 

576 

121 

499 

126 

5 

130 

TOTL 

589 

121 

510 

128 

7 

131 

COSH 

583 

119 

505 

121 

2 

123 

TPAC 

593 

121 

512 

128 

7 

130 

CLIM 

593 

121 

512 

171 

SO 

171 

XTRP 

597 

120 

516 

129 

9 

134 

502  126 

126  0 


475  123 

125  2 


603  126 

126  0 


VOKBXR 

OT 

cxns 

X-BZI8 

TXCSMXQDX 

XRROR 

T-1.3CI8 

TXCBKXQTne 

XRJtOll 

ZRROR 

nXVrZRKMCK 

(T  -  X) 

127 

501 

125 

505 

111 

-14 

110 

-15 

111 

0 

125 

561 

123  [ 

47( 

no 

589 

128 

2 

124 

r2‘ 

■  n 

128 

0 

124 

575 

125 

483 

no 

588 

128 

603 

129 

4 

125 

0 

125 

15 

130 

2 

129 

0 

124 

567 

124 

492 

no 

555 

120 

566 

121 

593 

121 

-1 

120 

-4 

122 

12 

122 

2 

122 

1 

121 

0 

123 

578 

126 

489 

111 

571 

126 

585 

128 

572 

121 

607 

129 

5 

125 

-1 

126 

15 

129 

3 

128 

0 

121 

0 

129 

0 

123 

578 

126 

489 

111 

571 

126 

585 

128 

572 

121 

£07 

129 

607 

171 

48 

168 

42 

173 

62 

168 

42 

168 

40 

163 

42 

171 

42 

171 

0 

123 

582 

126 

492 

111 

571 

126 

585 

128 

575 

121 

607 

129 

607 

171 

8 

128 

2 

129 

18 

134 

8 

132 

4 

125 

4 

133 

4 

133 

-38 

611  133 

133  0 


OTCM  315  404  318  440  300  414  369  355 

348  -56  356  -93  354  -60  355  0 

CSOM  283  401  288  458  279  429  301  347  335  349 

346  -55  348  -110  346  -83  346  -1  349  0 

RECR  360  397  355  455  336  426  341  349  314  342  416  423 

414  17  426  -29  425  -1  423  74  439  97  423  0 

TOTL  367  398  363  455  341  427  349  351  320  345  414  422  424  406 

387  -11  399  -56  393  -34  409  SB  418  73  408  -14  406  0 

COSH  359  398  358  450  348  426  343  352  324  351  389  423  398  402  414  431 

429  31  428  -22  430  2  399  47  406  SS  435  12  435  33  431  0 

TRAC  368  397  361  448  341  425  349  355  322  350  398  421  407  404  396  437  423  376 

341  -56  376  -72  375  -50  380  25  388  38  369  -52  371  -33  377  -60  376  0 

CLXM  368  397  361  448  341  425  349  355  322  350  398  421  407  404  396  437  423  376  423  417 

371  -26  421  -27  421  -4  428  73  437  87  407  -14  410  6  419  -18  417  41  417  0 

XTRP  364  395  355  447  335  422  344  357  318  350  394  419  401  402  392  440  417  374  417  414  418  478 
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TABLE  5-7.  1986  ERROR  STATISTICS  FOR  SELECTED  OBJECTIVE  TECHNIQUES  IN  THE 

NORTHERN  INDIAN  OCEAN 

24-HK7R  m  MSAV  iiaou  or.  mi) 


48-lOOlt  m  MSMT  KKKOM  (H.  IIZ> 
oral  MCR  TOTL  TPAC 


0 

JT«e 

-  crrxcx&x.  jsvc  io»ejm 

«tCM 

-  Bsm  sawroa.  cxcLom  Moeix. 

4 

129 

8 

199 

OtCN 

-  on-aur  saoaxcu.  esez^oH  Hoon 

08 

79 

199 

0 

ascR 

-  sseocvn  4m1.no  troat  70) 

*0X1. 

-  socu.  jamxxf  craoi  ?•} 

2 

134 

2 

254 

2 

528 

THkC 

-  ex^rmrotjon  jmd  anozmiicx 

128 

394 

528 

274 

528 

0 

CX.XM 

-  cxziazoxoox 

4 

200 

3 

247 

1 

402 

5 

249 

mat 

-  124001  ssnuMUtfxoa 

32 

32 

157 

-90 

1« 

-434 

249 

0 

1 

401 

0 

0 

0 

0 

2 

387 

2 

387 

58 

0 

0 

0 

0 

387 

0 

387 

0 

€ 

179 

7 

209 

2 

528 

5 

249 

2 

387 

9  174 

C2 

-17 

118 

-91 

98 

-430 

211 

-3# 

370 

-3 

17 

174  0 

€ 

179 

7 

209 

2 

528 

5 

249 

2 

387 

9  174  9  170 

78 

-1 

102 

-107 

<8 

-440 

207 

-42 

408 

a 

11  170  -4  170  0 

8 

179 

7 

209 

2 

528 

5 

249 

2 

387 

»  174  »  170  »  1»( 

72-ioaR  m  mur  imoRs  (v.  hz) 

JTJJC _ TCM _ CTCM _ TPAC _ CLXH _ XTRP 


JT«C 

5 

249 

249 

0 

VtCH 

•  5 

438 

249 

149 

5 

438 

438 

0 

orcai 

1 

1015 

254 

741 

1 

1015 

400 

415 

1  1015 
1015  0 

TPAC 

4 

142 

284 

-144 

4 

142 

451 

-309 

1  1015 
182  -833 

4 

142 

142 

0 

CT.TK 

4 

152 

284 

-134 

4 

152 

451 

-299 

1  1015 
144  -849 

4 

152 

142 

10 

4 

152 

152 

0 

acntp 

4 

194 

284 

-90 

4 

194 

451 

-255 

1  1015 
229  -784 

4 

194 

142 

54 

4 

194 

152 

44 
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CHAPTER  VI  -  NAVENVPREDRSCHFAC  TROPICAL 
CYCLONE  SUPPORT  SUMMARY 


The  Advanced  Tropical  Cyclone  Model  CATCH) 

(Hodur,  R.M..  NAVENVFREHJSOiFAC) 

Ihe  Advanced  Tropical  Cyclone  Model  (ATCH)  la 
being  developed  to  improve  forecaats  of  trc^lcal 
cyclone  paths  to  72-hours.  The  ATCH  is  really  the 
Navy  Operational  Regional  Atmospheric  Rredlctlon 
System  (NORAPS)  redesigned  to  run  optionally  as  a 
tropical  cyclone  model.  Given  this  redesign.  NORAPS 
can  produce  forecasts  each  vetdi  for  a  given  region, 
such  as  the  tropical  western  Pacific,  and  if  the  ATCH 
option  is  included,  any  and  all,  ttxpical  storms 
present  in  the  forecast  domain  will  be  bogused  into 
the  Initial  fields.  The  forecast  storm  positlonCs) 
will  be  ccnputed  in  the  model  at  seme  selected 
interval  and  sent  to  JTWC  upon  conpletion  of  the 
forecast.  Forecast  fields  (e.g.,  sea-level  pressure, 
mean  Planeteury  Boundary  layer  (PEL)  winds)  can  be 
sent  also,  as  is  curT«itly  done  for  all  NORAPS  areas. 

Althoug)!  the  redesign  of  NORAPS  to  function 
as  the  ATOM  is  complete,  the  exact  method  of  bogusing 
the  tropical  stom  has  not  yet  been  determined. 
Currently,  four  methods  of  bagusing  the  tropical 
storm  are  being  evaluated.  Other  tests  are  being 
conducted  to  evaluate  tbe  significance  of 
interactions  between  storms  which  occur  in  nultlple 
storm  situations.  Upon  conpletion  of  these  tests, 
tbe  bogusing  method  which  produces  the  smallest 
forecast  errors  will  be  incorporated  into  the  ATCH 
and  the  system  will  be  ready  for  operational 
evaluation. 


Thoplcal  Cyclone  Prediction  Research 
(Easberry,  R.L.  and  J.E.  Peak,  NAVPOSTGRADSCH) 

In  view  of  high  personnel  turnover  of  the 
JTWC  forecasters,  more  objective  appixiaches  to  the 
tropical  c^'clone  forecasting  processes  are  being 
developed.  Tbe  performance  of  different  trc^lcal 
cyclone  forecast  aids  (tnCH,  OTCH,  REX3t,  TCTI.,  CX50) 
for  various  cyclone  characteristics  and  diff«r«it 
envlroraental  conditions  has  been  evaluated.  The 
factors  affecting  the  accuracy  of  objective  forecast 
aids  are  being  incorporated  into  a  decision  tree  to 
assist  the  forecaster  in  following  a  logical  and 
reasonable  path  in  selecting  the  appropriate  aid  in  a 
given  situation.  A  post-processing  scdieme  for 
adjusting  the  OTCH  predictions,  which  achieved  a  30^ 
reduction  in  72-4wur  forecast  erro'  on  the  dependent 
sanple  is  proposed  for  <^serational  testing.  An 
objective  method  for  determining  the  warning  position 
from  a  variety  of.  fixes  has  been  given  to  NEPRF  for 
testing. 

would  be  unwarranted  at  lower  risk  levels.  A  rule 
for  deciding  such  actions  can  be  derived  on  an 
ejqjected  outcome  basis  (e.g.  cost/benefits  ratio). 
The  CHARM  model  is  now  being  adapted  for  seven  North 
Pacific  sites:  Pearl  Harbor,  Guam,  Subic  Bay,  Buckner 
Bay,  Yokosuka,  Sasebo,  and  Pusan. 


Evaluatlrai  Of  JTWC  Objective  Aids 

(Tsui.  T.L.,  and  R.J.  Miner.  NAVENVFREIRSCHPAC) 

The  objective  aid  forecasts  used  at  the  Joint 


Typhoon  Warning  Gaiter  (JTWC)  during  the  1978-85 
period  are  evaluated.  Forecast  accuracy  is  Judged  on 
error  measures  of  forecast  error,  cross-track  error, 
and  along-track  error.  The  evaluation  includes  the 
consistaicy,  as  well  as  the  accuracy,  of  the 
objective  aid  forecasts.  In  additicxi,  the  data  are 
stratified  according  to  season,  maxlmiti  storm 
intensity,  and  storm  path  type  for  a  more  detailed 
error  analysis.  During  the  first  eight-year  period 
(1978-85).  HPAC,  the  climatology /persistence  model, 
and  OTCH,  a  dynamical  model,  emerged  as  the  best  and 
most  consistent  aids. 

Results  also  show  that  the  forecasters  at 
JTWC  can  assimilate  the  wealth  of  objective  aids  and 
provide  reliable  forecast  guidance.  When  storms  move 
erratically  or  fail  to  attain  tyjSioon  strength,  JTWC 
forecasts  are  superior  than  the  objective  aids. 


Automated  Ttx^lcal  Cyclone  Fcrecasting  System 
(Miller.  R.J.,  and  T.L.  Tsui.  NAVEMVPREIRSCHFAC) 

The  Automated  Tropical  Cyclone  Forecasting 
(ATCF)  system  is  an  IBM  PC  ccnpatible  software 
package  curraitly  being  developed  for  the  Joint 
Tyi*oon  Warning  Center  (JTWC).  ATCF  is  designed  to 
allow  JTWC  forecasters  to  display  graphically 
tropical  cyclone  forecast  information,  merge  and 
analyze  synoptic  wind  fields,  provide  objective  fix 
guidance,  select  optimum  objective  forecast  aid,  and 
expedite  the  Issuance  of  tropical  cyclone  warnings. 
One  great  advantage  of  using  ATCF  is  the 
standardization  of  the  trqpical  cyclone  forecasting 
procedures,  so  that  during  the  course  of  tbe  tropical 
cyclone  warning  prqjaratlon,  forecasters  will  not 
n^eot  consideration  of  any 

decisional  steps  or  available  cations.  ATCF 
automatically  saves  all  trc^ical  cyclone  data, 
cenputes  the  reea-time  and  post-storm  statistics.,  and 
allows  forecasters  to  randomly  access  any  past  storm 
data.  A  camunicatlon  pmdeage  included  in  ATCF 
simplifies  the  data  transfer  procedure  between  JTWC 
and  Fleet  Numerical  Oceanography  Center  in  Monterey. 
Calif oiTila. 

When  the  ATCF  is  fully  developed,  it  can  be 
used  as  a  training  aid  to  simulate  the  actual 
Tixg>ical  Cyclone  Inner  Regional  Circulation 
Classification 

(Gray,  W.H,  Colorado  State  University) 

The  goals  of  the  project  are  I)  to  analyze 
the  details  of  inner  270  im  (500  km)  radial  and 
vertical  structure  of  tropical  cyclones  of  the 
western  North  Pacific,  and  2)  to  determine  the 
various  classes  of  inner  region  circulations.  The 
results  are  expected  to  assist  in  determining  the 
proper  inner  core  circulation  bogusing  method  in  the 
initialization  procedure  of  the  new  Advanced  Tropical 
Cyclone  Model. 

Aircraft  reconnaissance  data  will  be  used  for 
knowledge  of  the  inner  150  ran  (278  km)  radius  cyclone 
circulation  at  lower  trofxjspheric  levels.  Rawlnsonde 
and  Japanese  Geostationary  Meteorological  Satellite 
(GHS)  satellite  data  will  be  used  for  information  on 
the  circulation  characteristics  (with  some 
overlapping)  between  150-270  ran  (278-500  km)  radii 
and  for  estimates  of  the  vertical  resolution  of  the 
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cyclone  circulation  at  all  radii.  It  is  anticipated 
that  there  are  four  or  five  distinctive  inner  cyclone 
circulation  patterns  tdiich  need  to  be  documented  for 
analytic  incorporation  into  the  mnerical  model. 


Navy  Tactical  Implications  Guide  (NTAG),  Vol.  6 
(Fett,  R.W..  NAVENVrREESmiFAC) 

An  effort  is  now  underway  to  develop  a  series 
of  examples  demonstrating  the  use  of  high  quality 
satellite  data  for  analysis  and  forecasting  in  the 
tropics.  Both  polar  orbiter  and  geostationary 
satellite  data  are  used  to  study  the  evolution  of 
certain  weather  effects  or  of  a  particular  weather 
phenomenon  at  a  given  time. 

These  examples  are  intended  for  publishing  in 
the  NTAG  volunie  6,  Part  I,  Tropical  Weather  Analysis 
and  Forecast  Applicatiois.  and  Voluoe  6,  Part  II, 
Tropical  Cyclone  Weather  Analysis  and  Forecast 
toplicatio^.  (HACi  Volume  6,  f’ait  I  is  presently  in 
the  publishing  process.  Distribution  is  anticipated 
in  early  1987.  Part  II  is  still  in  the  research 
process.  Publication  is  anticipated  in  1988/89. 


Tropical  Cyclone  Condition  Setting  Aid 

(Jarrell,  J.D. ,  Sci.  Appl.  International  Corporation) 

The  tropical  cyclone  wind  probabilities 
formed  the  basis  for  the  development  of  a  model  to 
aid  in  threat  analysis  and  decision  making.  'Rte 
Cyclone  Hurricane  Acc^table  Risk  Model  (CHARM) 
develcped  by  Jarrell  assumes  that  at  some  hl^  risk 
or  high  probability  level,  decision  makers  would 
order  tropical  cyclone  condition  evasion  actions  that 
tropical  cyclone  warning  procedure.  New  forecasters 
can  gather  valuable  hands-on  e;q3erlenoe  of  the 
warning  procedure  during  their  training  period. 


North  Pacific  Trcpical  Cyclone  Climatology 
(Miller.  R.J.  and  T.L.  Tsui,  NAVENVPREI»SCHFAC) 

A  tropical  cyclone  climatology  for  the  North 
Pacific  has  been  develcped  and  new  is  being  reviewed 
by  EQPACCM.  Data  used  for  the  western  basin  were 
takoi  from  the  JTWC  tropical  cyclone  data  base  and 
covered  a  period  of  40  years,  1945-84.  Eastern  basin 
data  ^>anned  the  34  years  pericxl  1949-82  and  were 
obtained  from  the  consolidated  world-wide  tropical 
cyclcjne  data  base  at  National  Climatic  Data  Center, 
Aj^eville,  N.C. 

Storms  for  both  basins  were  sorted  according 
to  month/day  of  the  year  into  twenty  four  31-day 
overlapping  periods.  For  each  period,  four  cdiarts 
are  supplied:  1)  actual  storm  paths;  2)  mean  storm 
paths  3)  average  storm  speed:  and  4)  storm  constancy 
and  frequency. 


Evaluation  Of  CSUM  Objective  Aid 

(Tsui,  T.L.  and  R.J.  Miller,  NAVENVPREI»SaiFAC) 

CStM  is  a  statisticral  tropical  cyclone 
predlcticxi  moc3el  developed  by  Matsimoto  and  Gray 
(Colorado  State  Iftiiversity),  and  was  implemented  into 
the  JTWC  ccnt)ined  ARQ  procedure  in  September  1985. 
Preliminary  results  of  all  35  storms  since 
Implementaticn  Indicate  that  CSUM  gives  good 
bbjective  guidance.  The  mean  72-hour  forecast  error 
for  CSIM  was  303  nm  (561  km)  compared  to  315  nm  (583 
km)  and  330  rsn  (611  km)  for  COSMOS  and  OTCM 
respectively  for  the  same  period.  In  a  head-to-head 
comparison,  CSU4  had  a  lower  mean  error  than  all 
other  objective  aids.  The  median  72-hour  capss-tracic 
and  along-track  errors  indicate  that  CSUM  possesses 
no  track  bias  but  is  one  of  the  slower  techniques  in 
tenns  of  predicted  storm  ^)eed. 
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ANNEX  A 


1.  GENERAL 

IXie  to  the  rapid  grwth  of  personal  ccoputers  in 
the  meteorological  cccnsmlty,  and  saved  {Pushing 
costs,  raw  tropical  cyclone  track  (best  track, 
initial  warning,  2i|-hCMr  fca^ast,  48-hour  forecast, 
and  72-hour  forecast)  and  fix  (satellite,  aircraft, 
radar  and  synoptic)  data  will  be  available 
separately,  upon  request,  to  be  copied  on  5.25  inch 
"flof^y"  diskettes,  dliese  data  sets  Include:  one  (1 
January  -  31  December  1986)  for  the  western  North 
Pacific  and  North  Indian  Oceans,  and  the  other  (1 
July  1985  -  30  June  1986)  for  the  South  Pacific  and 
South  Indian  Oceana-  The  first  data  set  requires 
four  and  the  second  requires  two  5.25  inch  "floppy" 
diskettes.  Agencies  or  individuals  desiring  these 
data  sets  should  forward  the  appropriate  number  of 
diskettes  (four,  two  or  six  for  both  data  sets)  to 
NAVOCEANOQMCEN/JTVIC,  Guam  with  their  request  for  cne 
of  two  conputer  systems  -  Z-DOS  (Zenith  eceputer 
ccmpatlble)  or  MS-DOS  (Zenith  cr  IBM  ccmputer 
compatible) .  Once  your  request  has  been  received  the 
requested  data  will  be  promptly  copied  onto  your 
diskettes  and  returned  with  an  explanation  of  the 
recorded  data  formats.  The  use  of  "flcppy"  diskettes 
should  facilitate  the  transfer  of  these  bulky  raw 
data  files  to  your  computer. 

2.  WESTERN  NORTH  PACIFIC 
VERIFICATION  STATISTICS 

This  section  Includes  only  verification 
statistics  for  eacii  warning  in  the  western  North 
Pacific.  Pre-  and  post^wami'ng  best  track  positions 
are  not  printed,  but  are  available  in  the  raw  data 
set  that  can  be  requested  (see  paragraph  1.  above). 
(Similar  verification  statistics  for  the  North  and 
South  Indian  Ocean  and  western  South  Pacific  are  not 
Included  in  this  publication,  but  can  be  generated 
fromi  the  raw  track  and  fix  data  files  mentioned  in 
the  section  1.  above.) 
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183 


86120212 

18 

15.5N 

148^E 

12 

133 

264 

420 

130 

0 

-5 

-10 

10 

86120218 

19 

15.5N 

147.4E 

12 

64 

70 

213 

135 

0 

10 

5 

25 

86120300 

20 

15.5N 

146.5E 

0 

72 

100 

141 

135 

0 

IS 

5 

10 

86120306 

21 

15.5N 

145.4E 

0 

44 

185 

207 

130 

5 

0 

0 

-5 

86120312 

22 

15.5N 

1445E 

0 

84 

140 

204 

125 

0 

-15 

5 

-10 

86120318 

23 

15.7N 

143.0E 

0 

63 

115 

255 

120 

0 

-15 

5 

-15 

86120400 

24 

15.9N 

141 .9E 

8 

124 

221 

393 

120 

0 

-5 

10 

-25 

86120406 

25 

16.5N 

141. IE 

8 

108 

217 

414 

120 

0 

5 

5 

-20 

86120412 

26 

17.4N 

140.8E 

42 

61 

299 

703 

120 

0 

20 

5 

-30 

86120418 

27 

17.6N 

140.4E 

31 

99 

368 

788 

115 

0 

15 

-10 

-25 

86120500 

28 

17.5N 

140.1E 

25 

193 

640 

1182 

110 

-5 

5 

-35 

-20 

86120506 

29 

17.5N 

139.9E 

11 

248 

719 

1218 

100 

0 

0 

-30 

-15 

86120512 

30 

17.5N 

139.6E 

25 

286 

700 

1260 

90 

0 

-10 

-30 

-15 

86120518 

31 

17.4N 

138.9E 

27 

248 

642 

1162 

85 

0 

-20 

-25 

-20 

86120600 

32 

17.2N 

138.1E 

12 

115 

70 

80 

-5 

-45 

86120606 

33 

17.2N 

137.1E 

34 

130 

322 

85 

-15 

-45 

86120612 

34 

17.1N 

136.1E 

6 

97 

388 

90 

-15 

-45 

-35 

86120618 

35 

17.2N 

135.1  E 

8 

76 

341 

95 

-15 

-25 

-30 

86120700 

36 

17.3N 

134.2E 

12 

89 

263 

100 

-10 

-15 

-25 

86120706 

37 

17.3N 

133.4E 

12 

107 

233 

95 

-10 

-10 

-20 

86120712 

38 

17.2N 

132.9E 

12 

174 

305 

90 

-10 

-10 

-20 

86120718 

39 

16.9N 

132.7E 

32 

166 

303 

SO 

0 

-10 

-15 

86120800 

40 

16.6N 

132.6E 

18 

81 

160 

75 

-5 

-10 

-15 

86120806 

41 

16.2N 

132.5E 

6 

91 

235 

70 

-5 

-10 

-10 

86120812 

42 

15.9N 

132.4E 

6 

109 

235 

65 

-5 

-15 

-5 

86120818 

43 

15.9N 

132.6E 

24 

115 

254 

65 

-5 

-15 

-5 

86120900 

44 

16.1N 

132.6E 

0 

80 

282 

60 

0 

0 

5 

86120906 

45 

16.1N 

132.3E 

12 

102 

252 

55 

5 

5 

5 

86120912 

46 

16.2N 

132.1E 

6 

54 

199 

55 

0 

0 

10 

86120918 

47 

16.3N 

132.0E 

13 

109 

233 

50 

5 

5 

10 

86121000 

48 

16.3N 

131.9E 

6 

83 

219 

50 

0 

10 

10 

86121006 

49 

16.5N 

131.8E 

17 

118 

285 

45 

5 

10 

10 

86121012 

50 

16.7N 

131.6E 

8 

135 

295 

40 

5 

10 

5 

86121018 

51 

17.3N 

131 .3E 

30 

121 

288 

35 

5 

5 

5 

86121100 

52 

17.8N 

131  .IE 

12 

AVSWGE 

15 

116 

280 

488 

#OF  CASES 

52 

51 

51 

31 

Tropical  Storm  Lex  (24W) 

DIG  W#  BTUt  BTLon  Pos  Er  24  Er  48  Er  72  Er  BTWn  WWER  24  WE  48  WE  72  WE 


86120318 

1 

8.1N 

163.0E 

25 

106 

ISO 

199 

30 

0 

-5 

40 

65 

86120400 

2 

8.1  N 

162.1E 

48 

133 

119 

251 

35 

0 

20 

45 

60 

86120406 

3 

8.3N 

161 .3E 

18 

90 

133 

509 

40 

0 

30 

45 

60 

86120412 

4 

8.7N 

160.5E 

35 

108 

124 

451 

40 

5 

35 

55 

70 

86120418 

5 

9.4N 

159.6E 

32 

30 

166 

496 

35 

10 

30 

50 

65 

86120500 

6 

9SN 

158.7E 

13 

40 

199 

465 

35 

10 

30 

45 

65 

86120506 

7 

10.2N 

157.5E 

8 

42 

432 

543 

30 

10 

20 

30 

40 

86120512 

8 

10.6N 

156.4E 

95 

30 

-5 

AVBMGE 

34 

78 

189 

416 

#CF  CASES 

8 

7 

7 

7 

Typhoon  Marge  (25W) 


DTG 

W# 

BTUt 

BTLon 

Pos  Er 

24  Er 

48  Er 

72  Er 

BTWn  WWER  24  WE 

48  WE  72  WE 

86121406 

1 

7.3N 

160.0E 

48 

156 

215 

119 

30 

0 

15 

15 

20 

86121412 

2 

7.0N 

158.6E 

0 

125 

163 

136 

30 

0 

10 

5 

40 

86121418 

3 

72N 

1S7.3E 

36 

112 

152 

101 

30 

0 

-5 

-15 

5 

86121500 

4 

7.3N 

155.9E 

185 

346 

427 

337 

30 

0 

0 

-15 

0 

86121506 

5 

7.7N 

154.6E 

223 

404 

449 

379 

35 

0 

-15 

-20 

0 

86121512 

6 

82N 

153.3E 

42 

90 

112 

102 

40 

0 

-25 

-20 

0 

86121518 

7 

8.5N 

152.0E 

64 

110 

161 

131 

45 

0 

-15 

-5 

5 

86121600 

8 

8.9N 

150.7E 

13 

24 

165 

207 

50 

0 

-10 

5 

10 

86121606 

9 

9.3N 

149.5E 

42 

173 

303 

303 

55 

0 

5 

15 

10 

86121612 

10 

9.7N 

148.4E 

21 

140 

243 

249 

65 

0 

5 

15 

10 

86121618 

11 

102  N 

147.2E 

24 

155 

214 

159 

70 

0 

5 

15 

0 

86121700 

12 

10.4  N 

146.2E 

12 

89 

104 

64 

75 

0 

5 

15 

0 

86121706 

13 

10.5  N 

145.3E 

12 

67 

95 

90 

70 

0 

10 

15 

5 

86121712 

14 

10.6N 

144.7E 

24 

60 

53 

192 

70 

0 

10 

10 

10 

86121718 

15 

10.8N 

144.0E 

19 

96 

122 

297 

70 

0 

10 

0 

0 

86121800 

16 

10.6N 

1432E 

0 

59 

162 

453 

70 

0 

5 

-5 

0 

86121806 

17 

10.5N 

142.0E 

17 

50 

210 

462 

70 

0 

5 

-10 

10 

86121812 

18 

10.5N 

140.9E 

12 

49 

233 

449 

70 

0 

0 

-5 

15 

86121818 

19 

10.5N 

140.0E 

17 

72 

304 

453 

70 

0 

-10 

-5 

25 

86121900 

20 

10.8N 

139.2E 

8 

55 

337 

427 

70 

0 

-10 

-5 

35 

86121906 

21 

11.1N 

138.0E 

6 

104 

352 

431 

75 

-5 

-15 

5 

45 

86121912 

22 

11. 6N 

136.8E 

13 

193 

396 

485 

80 

-5 

-10 

10 

45 

86121918 

23 

12.0N 

135.4E 

36 

282 

443 

486 

90 

-15 

-5 

25 

SO 

184 


86122000  24  11. 5N  134.3E  40  284  399  326  90  -15  -5  35  55 

86122006  25  10.9N  133.1E  22  263  377  274  95  -10  15  55  60 

86122012  26  10.1N  132.7E  22  199  344  370  90  0  20  50  50 

86122018  27  9.8N  130.1E  6  98  184  90  0  25  35 

86122100  28  95N  128.5E  6  62  49  90  0  20  25 

86122106  29  9.3N  126.9E  6  61  114  80  10  30  25 

86122112  30  9.7N  125.4E  19  24  123  75  5  25  25 

86122118  31  10.0N  123.8E  13  40  60  10  20 

86122200  32  10.1N  122.0E  6  114  50  0  5 

86122206  33  10.3N  121.1E  0  121  40  5  0 


86122212 

34 

10.7N 

120.3E 

6 

40 

0 

86122218 

35 

11.1N 

119.5E 

25 

40 

0 

86122300 

36 

11.6N 

118.9E 

40 

35 

0 

86122306 

37 

12.1N 

118.2E 

31 

35 

0 

86122312 

38 

12.3N 

117.4E 

6 

30 

AVERAGE 

29 

130 

233 

288 

«OF  CASES 

38 

33 

30 

26 

Typhoon  Norris  (26W) 

DIG 

W* 

BTLat 

BTLon 

POS  Er  24  Er 

48  Er 

72  Er 

BT  Wn  WW  ER  24  WE  48  WE  72  WE 

86122118 

1 

8.6N 

166.9E 

84 

202 

307 

345 

30 

0 

10 

10 

20 

86122200 

2 

8.9N 

166.2E 

35 

102 

178 

74 

30 

0 

10 

10 

25 

86122206 

3 

9.2N 

165.5E 

22 

78 

115 

55 

30 

0 

10 

10 

20 

86122212 

4 

9.7N 

164.5E 

31 

107 

181 

231 

30 

0 

0 

5 

10 

86122218 

5 

10.1  N 

163.se 

24 

82 

138 

168 

30 

0 

0 

10 

15 

86122300 

6 

10.6N 

162.se 

18 

30 

124 

169 

30 

5 

5 

5 

IS 

86122306 

7 

11. ON 

161.5E 

19 

109 

242 

244 

30 

5 

5 

10 

25 

86122312 

8 

11. 4N 

160.2E 

47 

174 

314 

282 

35 

0 

5 

10 

10 

86122318 

9 

11. SN 

1S9.3E 

0 

86 

189 

188 

40 

-5 

10 

15 

15 

86122400 

10 

11. SN 

1S8.3E 

12 

90 

128 

188 

40 

0 

10 

10 

10 

86122406 

11 

11. 6N 

156.8E 

26 

114 

151 

244 

40 

0 

0 

0 

•10 

66122412 

12 

11. 5N 

155.1  E 

13 

107 

91 

217 

40 

0 

0 

-5 

-10 

86122418 

13 

11.3N 

153.9E 

19 

88 

88 

203 

40 

0 

5 

0 

-10 

86122500 

14 

10.SN 

1S2.8E 

19 

25 

118 

213 

40 

0 

-5 

-10 

-15 

86122506 

15 

10.3N 

1S1.6E 

S3 

65 

153 

218 

45 

0 

0 

-15 

-20 

86122512 

16 

10.1N 

1S0.2E 

13 

145 

158 

183 

45 

0 

-5 

-15 

-25 

86122518 

17 

10.2N 

1495E 

36 

168 

182 

156 

45 

0 

-5 

-10 

-30 

86122600 

18 

10.5N 

148.4E 

12 

76 

148 

106 

50 

0 

0 

-5 

-20 

86122606 

19 

10.9N 

147.3E 

6 

76 

141 

117 

50 

0 

-5 

-10 

-20 

86122612 

20 

11. 4N 

146.2E 

8 

54 

89 

265 

55 

0 

0 

-10 

-10 

86122618 

21 

11. 7N 

144.8E 

6 

13 

140 

343 

55 

0 

0 

-15 

-5 

86122700 

22 

11. 7N 

143.5E 

6 

53 

135 

358 

60 

0 

0 

•15 

86122706 

23 

11. 8N 

142.2E 

6 

88 

220 

384 

65 

0 

5 

•10 

5 

86122712 

24 

12.2N 

140.8E 

8 

123 

300 

470 

65 

0 

0 

0 

10 

86122718 

25 

12.5N 

139.6E 

6 

135 

339 

447 

65 

5 

-5 

5 

20 

86122800 

26 

13.1N 

138.9E 

0 

159 

401 

470 

70 

0 

-15 

0 

20 

86122806 

27 

13.6N 

138.3E 

19 

182 

457 

748 

75 

0 

-20 

-10 

10 

86122812 

28 

13.9N 

137.8E 

6 

164 

498 

836 

80 

0 

5 

15 

35 

86122818 

29 

13.8N 

137.5E 

12 

217 

578 

1002 

85 

0 

5 

15 

30 

86122900 

30 

13.7N 

137.3E 

0 

161 

397 

679 

90 

0 

5 

25 

40 

86122906 

31 

13.2N 

136.9E 

13 

207 

449 

741 

90 

0 

10 

30 

45 

86122912 

32 

12.7N 

136.4E 

19 

210 

449 

85 

0 

15 

40 

86122918 

33 

11.9N 

135.6E 

35 

227 

469 

80 

0 

20 

35 

86123000 

34 

11.2N 

134.5E 

0 

155 

387 

80 

0 

10 

25 

86123006 

35 

10.5N 

133.2E 

25 

176 

431 

75 

0 

10 

25 

86123012 

36 

10.0N 

131.8E 

13 

79 

70 

0 

20 

86123018 

37 

10.0N 

130.1E 

6 

127 

60 

0 

5 

86123100 

38 

10.0N 

128.3E 

0 

102 

55 

0 

5 

86123106 

39 

10.0N 

126.7E 

6 

65 

50 

0 

10 

86123112 

40 

10.2N 

125.1  E 

0 

40 

0 

86123118 

41 

10.4N 

123.3E 

0 

35 

0 

AVBVIGE 

17 

118 

254 

334 

«OF  CASES 

41 

39 

35 

31 
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DEFINITIONS 


BEST  'TOACK  -  A  subjectively  smoothed  path, 
versus  a  precise  and  very  erratic  fix-to-fix  path, 
used  to  represent  tropical  cyclone  moveaiaat. 

utwlm  -  The  vertical  axis  or  cone  of  a  tropical 
cyclone.  Usually  determined  ty  wind,  temperature, 
and/or  pressure  distribution. 

CYCXONE  -  A  closed  atmospheric  circulation 
rotating  about  an  area  of  low  jaressure 
(counter-clockwise  in  the  northern  hemisphere). 

EPHEMEBIS  -  Position  of  a  body  (satellite)  in 
space  as  a  function  of  time;  used  fcr  gridding 
satellite  imagery.  Since  ephemeris  gridding  is  based 
solely  on  the  predicted  position  of  the  satellite,  it 
is  susceptible  to  errors  from  vehicle  pitch,  orbital 
eccentricity,  and  the  oblateness  of  the  earth. 

EXPLOSIVE  DEEPENING  -  A  decrease  in  the  minimum 
sea-level  pressure  of  a  trqsical  cyclone  of  2.5  mb/hr 
for  12  hours  or  5.0  mb/hr  for  six  hours  (ATO  1971). 

EXTRATROPICAL  -  A  term  used  in  warnings  and 
tropical  summaries  to  indicate  that  a  cyclone  has 
lost  its  "tropical"  characteristics.  The  term 
implies  both  poleward  displacement  from  the  trcplcs 
and  the  conversion  of  the  cyclone's  primary  energy 
sources  from  release  of  latent  heat  of  condensation 
to  baroelinlc  processes.  The  tern  carries  no 
implications  as  to  strength  or  size. 

EXE  -  A  term  used  to  describe  the  central  area 
of  a  tropical  cyclone  when  it  is  more  than  half  the 
surround^  by  wall  cloud. 

FUJIVWARA  EFFECT  -  An  Interaction  in  which 
tropical  oyolones  within  about  700  ran  (1296  km)  of 
each  other  begin  to  rotate  about  one  another.  When 
intense  tn^ical  cyclones  are  within  about  AOO  ran 
(741  km)  of  each  other,  they  may  also  begin  to  move 
closer  to  each  other. 

MAXIMUM  S^AIUro  WlfP  -  Highest  surface  wind 
speed  averaged  over  a  one-minute  period  of  time. 
Peak  gusts  over  water  average  20  to  25  percent  higher 
than  sustained  winds. 

RAPID  DEEPENING  -  A  decrease  in  the  ndnliiun 
sea-level  pressure  of  a  tropical  cyclone  of  1,25 
mb/hr  for  24-hours  (AIR  1971). 

RECUHVATURE  -  The  turning  of  a  tropical  cyclone 
from  an  initial  path  toward  the  west  or  northwest  to 
a  path  toward  the  noii^heast. 


SIGNIFICANT  TROPICAL  CTC3XWE  -  A  tropical 
cyclone  becomes  "significant"  with  the  issuance  of 
the  first  numbered  warning  by  the  responsible  warning 
agency. 

SUPER  TYPHOON/HCRRICANE  -  A  typhoon/hurrlcane  in 
which  the  maximum  sustain^  surface  wind  (one-minute 
mean)  is  130  kt  (67  m/s)  or  greater. 

TROPKAL  CXgjOWE  -  A  non-fibntal  low-iDressure 
systan  of  usually  synoptic  scale  devel<ping  over 
tropical  or  subtropical  waters  and  having  a  definite 
or^nized  circulation. 

TROPICAL  CXCLOWE  AIRCRAFT  RE)C0NNA1SSANCE 
COCRDInAtor  -  A  lisciNCPACAF  representative  designated 
to  levy  tropical  cyclone  aircraft  weather 
reconnaissance  units  within  a  designated  area  of  the 
PACCM  and  to  function  as  coordinator  between 
USCIMCPACAF  and  the  appropriate  typhoon/hurricane 
warning  center. 

TROPICAL  DEPRESSIOM  -  A  trc^>ieal  cyclone  in 
whl<b  the  maximum  sustained  surface  wind  (one-minute 
mean)  is  33  kt  (17  m/s)  or  leas. 

TROPICAL  Dl!ia.TJiHbANCE  -  A  discrete  system  of 
s?>parently  organized  convection  -  generally  IDO  to 
300  ran  (185  to  556  km)  in  diameter  -  originating  in 
the  trcpics  cr  subtropics,  having  a  non-frontal 
migratory  cdiaraoter,  and  having  maintained  its 
identity  for  12-  to  24-hours.  It  may  or  may  not  be 
associated  with  a  detectable  perturbation  of  the  wind 
field.  As  such,  it  is  the  basic  goaerlc  deslgnaticn 
vbieh,  in  successive  stages  of  intensification,  may 
be  classified  as  a  tropical  depression,  tropical 
storm  or  typhoon  (hurricane). 

TOOPICAL  STCWM  -  A  tropical  cyclone  with  maximum 
sustained  surface  winds  (onenginute  mean)  in  the 
range  of  ^4  to  63  kt  (17  to  32  m/s)  inclusive. 

raOPICa,  UPPER-TRCa>ISPHHgC  TROUGH  (TUTT)  -  A 
dcminani  clinatoioglcal  system  (upper-level  trough) 
and  a  daily  synoptic  feature,  of  the  sunner  season 
over  the  tropical  North  Atlantic,  North  Pacific  and 
South  Pacific  Oceans. 

TXPHOON/HUmiCANE  -  A  tix^loal  cyclone  in  ^ch 
the  maximuD  sustained"  surface  wind  wind  (ckie-minute 
mean)  is  64  kt  (33  in/s)  or  greater.  West  of  180 
degrees  they  ere  called  hurricanes.  Foreigi 
governnents  use  these  or  other  terms  for  tropical 
cyclones  and  may  apply  different  intensity  criteria. 

WAU,  CLOUD  -  An  organized  band  of  cumulifcmm 
clouds  imne^ately  surrounding  the  central  area  of  a 
trc^ical  cyclCHie.  The  wall  cloud  may  entirely 
enclose  or  partially  surround  the  center. 


186 


APPENDIX  II 

NAMES  FOR  TROPICAL  CYCLONES 


Column  1 

Column  2 

Column  3 

Column 

ANDY 

ABBY 

ALEX 

AGNES 

BRENDA 

BEN 

BETTY 

BILL 

CECIL 

CARMEN 

CARY 

CLARA 

DOT 

DOM 

DINAH 

DOYLE 

ELLIS 

ELLEN 

ED 

ELSIE 

FAYE 

FORREST 

FREDA 

FABIAN 

GORDON 

GEORGIA 

GERALD 

GAY 

HOPE 

HERBERT 

HOLLY 

HAL 

IRVING 

IDA 

IAN 

IRMA 

JODY 

JOE 

JUNE 

JEFF 

KEN 

RIM 

KELLY 

KIT 

LOLA 

LEX 

LYNN 

LEE 

MAC 

MARGE 

MAURY 

MAMIE 

NANCY 

NORRIS 

NINA 

NELSON 

OWEN 

ORCHID 

OGDEN 

ODESSA 

PEGGY 

PERCY 

PHYLLIS 

PAT 

ROGER 

RUTH 

ROY 

RUBY 

SARAH 

SPERRY 

SUSAN 

SKIP 

TIP 

THELMA 

THAD 

TESS 

VERA 

VERNON 

VANESSA 

VAL 

WAYNE 

WYNNE 

WARREN 

WINONA 

NOTE: 


Names  are  assigned  in  rotation,  alphabetically.  Vftien  the  last 
name  (WINONA)  has  been  used,  the  sequence  will  begin  again  with  "ANDY". 

Source;  CINCPACINST  3140.1  (aeries) 
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APPENDIX  IV 

PAST  ANNUAL  TROPICAL  CYCLONE  REPORTS 


Copies  of  the  past  Annual  Tropical  Cyclc*ie/Typhoon  Reports 
can  be  obtained  through: 


National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  Virginia  22161 


Refer  to  the  following  acquisition  numbers  vhen  ordering: 


YtaR  ACQUISITION  NUtBER 


1959 

AD 

786147 

1960 

AD 

786148 

1961 

AD 

786149 

1962 

AD 

786128 

1963 

AD 

786208 

1964 

AD 

786209 

1965 

AD 

786210 

1966 

AD 

785891 

1967 

AD 

785344 

1968 

AD 

785251 

1969 

AD 

785178 

1970 

AD 

785252 

1971 

AD 

768333 

1972 

AD 

768334 

1973 

AD 

777093 

1974 

AD 

010271 

1975 

AD 

A023601 

1976 

AD 

A038484 

1977 

AD 

A055512 

1978 

AD 

A070904 

1979 

AD 

A0B2071 

1980 

AD 

A094668 

1981 

AD 

AU2002 

1982 

AD 

A124860 

1983 

AD 

A137836 

1984 

AD 

A153395 

1985 

AD 

A168284 
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23.  Page  172,  Section  titled  Tropical  Cyclone  Condition  Setting 

Aid  -  after  line  7,  which  ends  with  ‘evasion  action  that*,  delete  the 
next  3  lines  and  add  the  following:  ^ 

‘would  be  unwarranted  at  lower  risk  levels!:  A  rule 
for  deciding  such  actions  can  be  derived  on  an 
expected  outcome  basis  ie.g., cost/benefits  ratio). 

The  CHARM  model  is  now  being  adapted  for  seven  North 
Pacific  sites:  Pearl  Harbor,  Guam,  Subic  Bay,  Buckner  - 
Bay,  Yokosuka,  Sasebo,  and  Pusan.* 

24.  Page  186,  definition  of  TYPHOON/HURBICANE  -  in  line  3  delete 
‘West*  and  insert  ’East*. 

25.  Page  189  -  in  Sadler,  J.  C.  reference  * NAVENVPBEDRSCHFACO * 
should  read,  ‘NAVENVPBEDBSCHFAC* . 

26.  Page  191  -  *HOCD,  DIEGO  QABCIA  (20*  should  read,  *N0CD,  DIEGO 
GARCIA  (2)*. 
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